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Background of the Invention ^ 

Field of the Invention 

The present invention relates to treatment of cancer in mammals: 
Generally, the preseftt; invention provides; a 
mammal by: administering a polynucleotide construct comprising a 
polynucleotide encoding a cytpkine; In addition, thelpresenti invention relates 
^° the methodology for selective transfection of malignant ; cells with ■ 
polynucleotides expressing therapeutic or prophylactic molecules in intra- 

.:; 1 cayity tumor bearing mammals. More specifically/ ^ invention 

: provides a methodology fpr the suppression o 
malignant cells r such as intraperitoneal dis^ 

Related Art . ; ; : 

Cytokines have been demonstrated both in pre-clinical animal models 
4 s well ^ in humans to have potent anti-tumor effects. In particular EFN's l 
have been ; ^ed for the treatoent of ^ of human concerns. ' 

Th ® inte ^^ ( I ^ s ) are a family of cytokines with ^6tent anti-viral, : 
antiproliferative, arid inimunombdulaitory activities and play important roles in 
the body's defensive response to viruses, bacteria, and turriors (Baron, e/ a/., 
JA ¥ A 255:1 3 15 ( 1 99 1)). On the basis of antigenicity, biochemical properties, 
.and producer ^ell, the interferon's haverbeen divided into; two classes, type I 
interferon and typeli interferon. IFNa, IFNP, IFNco, and ife are type 1 • 
interferons; and bind to the same a/p r^ e ptor. ';IF^^ , : i S : a /^^'mter^iji, : 
and binds tolhe y receptor (Pestka, SI, Ann: Rev Bipchem/' 5&ni¥(i9iT)l 

JFIty is produced by activated T lymphocytes; arid natural kWdv (^)Vbeik; 
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IFNt is believed to possess hormone activity, and plays an important role in 
: pregnancy in sheep, and; related ruminants (Imakawa; K, et tilyNature:i 

350:377 (19^ Stewart, Hf ; W al,J: End6crinoto& m 

• tothepleiptropicactiy^^ ■ 
., -'.,5," therapeutic e^ diseases, particularly cancers and viral ■ 

infectious diseases. 

• ' : ; :: |I^G) was ; discovered independentiy. by three different groups in 1985 *. ■'. ;-.: ; :0' 
/\""-.= (Capon, D ; J ; , etal y;. Mo/ec. S/p A 5: 768-779 (1985),fy 

10 ■ ;j : /5: 4739-4749 (1985)). : Unlike I^aj ;for " which at least 14 ■ different . : // . 

• •functional nonallelic genes have been identified: in man, IFNcotis encoded by a 
single functional gene. IFN© genes are believed! to be present: in most : : ; 

; i : : m^mals, but have not been found in dogs,: rats ior! mice. : The mature ! IFNco ' 
: polypeptide^ amino acids and shares 60% s^ 
'y *'*\" : 15V : i; v . human IFNd Due to : the sequence similarity with '1^c^ : ;;t^^'' 

originally ccmsidered to : be a member -or a subfami ly of: Wtia; ■ and ,was^;l: : i-i' 
origihaily termed IFNa-n. EFN© is a significant component (« 10%) of humkn 
leukoc^e-derived interferon, the natural mixture of iriter^ 
viral infection (Adolf, G. et al, Virology 775:410 (1 99^)): IFNcd has been 
20. demonstrated to bind to the same a/p receptor ias IFNa (Elores, \: el ' til, J. : : ' 

Biol Chem. 266: 1 9875-19877 ; ( 1 99 1 )), and to share similar biological 
;. v activiti es with 1^ a- including anti^ activity against tumor cells />r 

vitro ^j^es^ M. et al, J. Inter^ron Research 14:57 ^ 
/immunomodulatory activity (Nieroda e/ al, Moled. CeUsD^rerkiatim 4: 

f- 0- ' - 335-35 ■ ■ ; . . ; : y ■ / ; -7 \ }-:'yy / v.'.-;, • J .yy-:. - x 

/ Recombinant IFNa polypeptide has been approved for use in humans 
; .fbrhm AIDS-related Kaposi's safcbnia^ malignant 

chronic hepatitis B and C, chronic myleogenous leukemia, and condylomata ■ I 
a<^mmata (B ^.M^MMA 266: 1375 (1991)). Ho\^<^ of 
:.y-.y^'. : > ; ; these indications, IFN administered repeatedly, p on 

r-y^^y^yk-.yyy. 



WO 99/26663 



PCT/US98/24830 



' due to tlie sHort half-life (hours); of the polypeptide in the senjm (Friedman, 
Interferons: A Primer, Academic Press, New York, pfj. 104-107 (1981); ; 
Galvani arid • Cawley, Cytokine Therapy, Cambridge University Press, 
Cambridge, pp. 114-1 15 (1 992)); thus, in spite of producing clinical benefit 
for many di sease cond itions, the use of IFNa p olypeptide is associated with 
: : rva0ute arid chronic side; effects in; 
(1986); and Qufesda et aL , Blood 65: 493^497 (1986)): : The severity of the 
adversevreactibn correlates with p semrii interferM levels; 

; Viral or plasmid vectors ; containing .1^ genes liave beieh used in ex 
vivo therapy to treat mouse tumors. For example, tumor cell s were transfected 
in vitro with viral or plasmid vectors cd^^ an IFNd gene, and the 
■ transacted; turiior cells were injected irito rriice ^elldegruri, A^etal^J. Natl. 1/ 
Cancer ^lhsL 85: 207-2 1 6 ( 1993); Ferrantini, ML el aL- Cancer Research 53: 
1 107-1 1 12 (1993); Feiraiitmi, ;.jyi: let 

09^^do,li. etah;Int ^Cancer 60: 221 -229 (1 995); Ogura, H. etai t 
Cancer Research 50: 5 l Gi-5 1 06 (1 ^90); 

772era>x 7; l-10 L. ? et al, Gene Therapy 4: 1 246-1 255 

■$(1997)). In another ex v/vo study, cervical carcinoma arid leukemia cells were 
transfected with a viral vector containing the interferon-consensus gene, and 
the transfected cells were injected into mice (Zhang, J -F, et al y Cancer Gene 
Therapy J: 31-38 (1996)). In all of these ex vivo studies, varying levels of 
anti-tumor efficacy, such as tumor regression and/or prol onged; survival, have 
;been observed: : . . 

Viral or plasmid vectors containing interferon genes have also been 
used in in v/ yb iherapy for tumor-bearing mice. For example, a viral vector 
containing the interferon-consensus gene was injected into mice bearing 
transplanted IV©A-MB-435 breast cancer, hamster melanoma, or K562 ' V 
leukemia, and tumor regression was rejported (Zhang, J;-F. etai, Proc, Natl 
Acad Sci. USA 93: 4513-451 8 (1996)). In a similar study^ a plasmid vector 
containing human IFNp gene complexed with cationic lipid was injected 
; intracranially into recession was 

■reported (Yagi, K. et dl y Biochemist^ : 
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32: 167-171 (1994)). In a murine model of renal cell carcinoma the direct 
intratumoral inj ection of ^: in : IL-2 plasm id DN A ; lipid complex has ; been 
shown to result in comply a: significant : induction of ^a^^^ 

• tumpr : specific 6Tli response increase 
5 77?e>^ 5: 321 -330 (1998 

Plasmid vectors containing cytokine gens; have also been reported to 
result in system 

■ effects char^^ For; example^; the; irttramuscuter 

injection of p^ 
1° : ; : f : ; : : resulted' in physiologically^ 

the ;ei\ctt^I^d& 

4523-4527 (1993); ^ EeiaL, Lupus 4: 266-292 (1 9^5^; Tokui; M 
et ctl., BiochemB'iophys.Res. Comm. 233: 527-531 (1997); L^son 3 C : e/ ^, : 
Jfinte^^ QytokM & et 
15 ::: Immunol i : 60:;2932-2939 (1998)). ; 

U;S. Patent; No. 5,676,954 reports ;6n the inj ectiori of genetic material, 
. : ; completed with cationic liposomes carriers, into mice. U:S. Patent Nos; i 
4,897,355; 4,946,7^ 

5,763,055; and International Patent Application No PGT/US94/06069 
20 (publication no. WO 04/9469) provide cationic lipids foil use in trarisfecting ' 

; \ DNA: into cells and finammals. U.S. Patent Nos. 5,589,466, 5,693,622, 
; :: : 5,580,859, 5;7G3^0^5, and; international patent application no 
? (publication no. WO 04/9469) provide methods for 

delivering DNA-cationic lipid complexes to mammals. 
25 Even though some viral vectors used in ex vivo and in vivo cancer 

therapy in murine models showM anti-tumor ^ 

to deliver interferdn^expressing genes in vivo could;! induce anti-viral immune 
responses or result in viral integration into host chromosomes, causing 
disruption of essential host genes or activation of oncogenes (Ross at- 
30 Humcm Gene Therapy 7: 1781-1790 (1996)). , 

For treatment of multiple ; metastatic carcinomas of a body cavity are 
; treated using laparoscopy^( el <?/^(^ 
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catheterization; (Naumann et al, Gynecol. 50: 291-3, (1993)) or other 

;access : ; devices (^m^ 194-202, (1995)) 

;: Treatment 

v tum^^ Am J/Clih. dhct>l 

X 5 17: 23<j-3; (1994); Markman et al, J. Clin. Oncol 10: 1485-9 1 , ;(1 992)) or 

radiotherapy (Fjeld et al, A eta. ObsteL Gynecol Scand Suppl 155: 105:-:1 1 , 
( 19 92) j; Tumor recurrence ■ is monitored by magnetic ' resonance imaging 
^ 715-20, .(1?95^ c^lo^ 

/Am/J. A 

: ; 1^: : :/: 1 995) an^l : blood analyses (Forstner V/ al, Radiology \96\ l\S/lti</09S)). 

Many intraperitoneal (i.p;); as pyariah cancer, eventually 

metastasize via the lymphatic; syste^ lungs or other vital organs, and the 
prognosis for ft 

j /Ga^ Prol)l CSicer 16: 1-57; 

''T5'. ; ;;^ i' A y/ / . -y!/^^ 

Human ovarian cancer is often diagnosed at an advanced stage when 
the effective^ 

effective treatm^ development of 

new treatment 

20 develop an effective i immunotherapy for the treatment of ovarian ; cancer, 

The early work in this area involved; mc>u^ 
; ; derived immuqos^^ (BGG) and 

Coryhebdcterium paryiim, were inj ected i ;p; as rionrspfceifie activators of the 
^ imtoine Ami J. ObsteC Gynecol., 128: 782- 

25 ; ; ; 786, (1 977); Bast ^ al ; J Immunol, 123: 1 945-1 S>^lv ( 1 979); Vanhaelen; ^/ 
al, Cancer Research, 4\ : 980-983, (1981); and Berek, et al, Cancer 
: -Research, 44, 1871-1875, (1984)). These studies generally resulted in a non- 
k ; : ; s notfprevent the ; growth ^ 

; tumors. 1^ 

30 Vafter W response^ suggesting : 

: that tre^m^ tJhii s v^e of therapy j 

would not be effective. 
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More recent studies in both mi 
intravenous ;^ 

; ; activators of the immune response ( Adaehi^ : : et al, Cancer Immunol 
.'. . Immunother. 57: 1^6, (19^^ ' 

5 Treating murine ovarian tumors with a; combination of reebmbiiiant and 

GM-CSF proteins had some beneficial effect in inhibiting ascit^ 
however, IL-2 was only effective : if it was combined with; 
etal; Cancer Immunol. Immundiher , 43: 2517-26 1 , (1996)) : Similarly, v a 
combination of IL-2 and lymphokine-acti vated killer (LAK) cells was able to 
■ v 10 reduce i.p. sarcomas in mice, while TL-2 protein alone wias not as effective 

(Qttow, et al, Cellular Jii^ 
trials evaluating IL-2 protein^ 

antitumor effects (Chapman e/ al, Investigational New Drugs, 6:179-188, 
(1988);West etM;N Engl. J. Med. 3 16:898-905, 1987; iotze ^/ aA, Arch? 
■y : .: 15 -Mg. 121:1373-1379, 1 9186; Benedetti Pdm^etdtj Cancer Treatment Review^ ; 

; 16A:123-127, 1989; Belief^/:, Gynecol Oncol ^ TJrba 
al, J. Natl Cancer 7^^, 8 1 :602-6II , 1 ?89; Ste\yart dl^Cancer Res., 
50:6302-6310, 199p; Steis et al, J. Clin Oncol, \ 8: 16 18- 1 629, 1990; Lissoni : 
et al., Tumori,i%;A\%A2Q, 1992; Sparano etdl., J. of Immunotherapy ,16:216- 
: 20 223, 1994; Freedman et al, f of Immunotherapy, 16:1 98-2 iO, 1994; Edwards 

Recent studies in mi ce have involved the inj ectiori of DN A constructs 
encoding H suicide ,, genes followed by treatment with prodrugs. This approach 
has successfully caused regression of some small tumors but has been less 
: . '■■25. ^ successful on: feger tumor masses: (Szala, dl Gene Therapy 3: 1025-1031, 

1996; Sugaya,:e/ a/. Hum Gene Ther 6. 317-323 (1996)). in another study, 
lipoisonie-mediated £M gene therapy for mice bearing ovarian cancers that 
overe^ resulted in reduced ^ 

Rearing mice. (Yu - et al Onc^ similarly, the 

? : ' '\\?'^ : : y ?: ' • successful treatment of murine ovarian carcinoma !^ 

• .; demonstrated using .; cisplatin-iriduced -gene transfer of DN^A constructs 
. ericodirig ^ i.p. injection. (Son, Cancer Gene Therapy 4 r $91-396' 



(1997)), However, this study demonstrated that tumors were poorly 
responsive to either the IFNyi gene or cisplatin alone, suggesting that the 
effectiveness of the cisplatin-based gene therapy protocol was mm due to 
enhanced sensitization of cisplatin-ex^ 
IFNy gene. (Son, Cancer Gene Therapy 4: 391-396, 1997); 

Clearly, there is a need for superior therapeutic compositions and 
methods for treating mammalian cancer/ Further, there is a need for an /« vivo 
delivery system for IFNco. The present invention provides a simple and safe 
v yet effective compositions and methods for treatment of mammali an cancer. 

The present invention also solves the problems inherent in prior 



malignant cell (dissemination into body cavities, such: as into tKe peritoneal 
cavity during late stage ovarian cancer, can be suppressed ; simply by 
administering as few as two to six doses of a polynucleotide formulation 
directly into the body cavity. This treatment results in selective transfectiori of 
malignant cells, and subsequent long-term local production of an effective 
amount of therapeutic molecules. 



Summary of the Invention 

The present invention is broadly directed to treatment of cancer by 
administering in vivo; into a tissue of a mammal suffering ffrom cancer, a 
polynucleotide construct ; comprising a polynucleotide encoding a cytokine. 
The polynucleotide construct is incorporated into the cells of the mammal in 
vivo, and a therapeutically effective amount of a cytokine is produced in vivo, 
and delivered to tumor cells. Combinations of cytokine-encbding 
polynucleotides can be administered. 

The present invention provides a pharmaceutical composition 
comprising about 1 ng to 20 i rrig of a lion-infectious, riori-inteeratirie 
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..... ... consisting of (a) a pblyriuclebtide that hybridizes under stringent conditions to 

the riucleotide sequence of SEQ ID No ^ 
the polynucleotide sequence encbdes 

activity when; added to vitro; (b) a polynucleotide that 

5 encodes a polypeptide acid sequence which, except 

least one but not more than 20 ami rib ; acid sub stitution^ or 
' ; ' insertions, is identical to amino abids -2:3 td :) 72 or lto 172 in SEQ ID ;.Nb; : ; 8; 
■ ; wherein th e pblypeptid e has • antiproliferative activity when a^ 
: 0 that encodes ia ipp^^ 

10 Q comprising amino acids 86-172 in SEQ ID No. 8, wherein the: polypeptide has 
antiprplifera^ >TO-OY C ARl^ c^ in yiirp^^m^y 

of the ^ compounds sbiected 

from the grbyp ; consisting 
proteins; cationic polyme^ and mixtures thereof ; 

15 : 

: obtained by complexing a pblyriueieptide selected from the grpu 
bf (a) a polynucleotide that hybridizes under stringent conditions to the 
; . nucleotide sequence of SEQ ID No. 7 or the complement thereof, wherein the 
.polynucleo^de sequence encodes a polypeptide that has antiproliferative 
;2Q ■ activity when added to NIH-0 VCAR3 cells in vitro; (b) a pblynueleotide that : 

encodes a polypeptide comprising; ah amino acid se^ 

least one but not more than 20 amino acid substitutions, deletions, or 
insertions, is id^ 8, 
Ayherein the polypeptide 
25 OVCAR3 cells in vitro; (c) a polynucleotide that encodes a polypeptide 

comprising amino acids 86- 1 72 in SEQ ID No . 8, wherein the polypeptide has 
antiproliferative activity when add 
or more cationic compounds selected from^ rt 
lipids, ^ 

ao thereof ■p'^^L'^ ; ;\, ' ; >' V v : : ■ \' v ; 

Thb present i^ 

•mammal^ comprising administering; into a tissue of the mammal a non^ 
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infectious, hdhririiegratihg ; pplyiiuGleotide Gonstruet comprising : : k : 
polynucleotide encoding a cytokine,: or an ^ such that 

tlte polynucleotide is expressed in v/vio, -arid ^ucK 
fragment ^ 
'•• 5 • ■ effective to treat the cancer. ' 

; The present invention also provides a method bf treating cancer in a; 
mammal, comprising admin into a tissue; of the mammal :^^^^a nbn-: 

infectious;; non-integrating ; pblynucle;otide ^nstnjct comprising ^ a 
, polynucjeotide encddirig!: a cytoki^ sel ect ed from the grouji consisting of 
10 interferons 

; polynuclebtide or ari a^ive fragment thereof is expressed, and such that the 
; ^-<^ tissue in a^ 

the cancer. Preferably, the polynuclebtide construct is complexed with a 
■ cationic vehicle, mb^ 
15 and most preferably, the cationic lipid may be riiixed: with a neutral lipid! 

^jiother^ the: invention ^ 

; transacting malignant cells in a body cavity of a tuiiior-be^ing mammal, 
comprising administer^ 

integrating polynucleotide complexed with a catibnic vehicle, such that the 
20 ; polynucleotide is expressed substantial ly in the malignant j cell s of the ibbdy 

cavity Preferably, the cationic vehicle comprises one or more catibnic lipids, 
and more preferably; the cationic vehicle comprises a catibnic and n 
mixture: In a prefer to suppress 

peritoneal dissemination of malignant cells in ^t^ 
25 ^particular, the mammal may have o vari an cancer, or ; metastasis of ovarian 

cancer. Preferred polynucleotides may encode cytokines, or active fragments 
thereof Most preferably, the polynucleotide may enc^^ 
fragment tW^^ y 

Compared to irijection of recombinant • cytokine polypeptides, tlife : 
30 methods described herein have several important adva^^ 

invention shows - that in vivo transfection fofc with ; encoding 
i ; • polynucleotide, : such IL-2 or IFNo , results in serum levels of the 
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- : : cprrespohding cytokine that h^ 

the maximal semm levels typically requi^ 

injected: Further; inj ecting frequent high doses of cytokine polypeptides can 
produce debilitating side effects . The methods: :of: the 
■■ \( ■ provide cytokine thefkpy feq^ less frequent irij ectiohs of cytokine-^ 
; encpdirig: n^^ 

cytokines produces \sus low levels bf Bio logically active that 
have beneficial ^ 

•Compared to^^ t^ delivery of cytokine i genes via ia viral gene delivery 
10 vectors, the present method also has important -idya Injection of non- 

viral vectors of the present method: does not induce significant toxicity or 
pathological immune; responses, as described; ; for example, in mice, pigs or 
monkeys (Parker, et al^ Human Gene Therapy 

al. % Human Gene Therapy 4\ 781-788 (1993)). Thus^ a non-viral vector is 
•t'5;' v ■ . ; safer and can be repeatedly injected: " , 

Brief Description 

A more complete appreciation of the invention and many : of the ;: 
20 : •: attendant advantages thereof will be readily obtained as the same become 

better understood by reference to - the following detailed i description when 
^ connection y/ith the accompanying figures 

FIG/ 1 shows the p^^ map of VR4151 (SE^ The 
cytomegalovirus immediate-early gene promoter ^^^^ 5' untranslated 

25 sequences (5 'UTR + intron A) dri ve the expression of the human interferon © 

coding sequence. The transcriptional terminator region includes . 
. polyadenylation and termination signals de^ from the rabbit P-globin genfe. 

FIG. 2 shows the pharmacokinetics of hIFN<p in the serum of 
C57BL/6 mice (FIG; 2Aj and nude mice (FIG. 2B) after a : single 
':W:.t intramuscular; 0.mO i^ectibri of hlFN© plasmid DNA (^R4151); Mice ; : 
i : were injected i^ m< with 100 jxg of VR4 1 51: Following the intramuscular 
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injection, mice- were bled daily; and serum collected arid assayed for 
hlFNa polypeptide an ELIS A ; Each poiht^^ of 
four mice . In G57BL/6 mice, the : jingle L m . injection resulted in peak 
serum levels of 254 pg/ml on day 6 after injection, and ^ 
: 5 still detectable 14 days afte^ 2Aj: : in nude mice; 

the; ; s ingle Urn ; injection : resulted in peak serum levels of 648 pg/ml on day 
7; and seru^ : ; 

'0^XS i ■ ■ ^W^iM-^X- , X. .Z': ' ■ ■ \ , • • . ,. " ]fj-[ ; :; : : V ■ ^) 

. HIG. 3 shows that systemic mIFNoc treatment reduces tumor volume: /•;.". 
o id ; - i ■ (FIGs. 3A| : :3C|aiid. 3E)^^ (FIGs. 3B, 3p v :;and!|l|-; in 

three murine tumor models . G5 7BL/6 mice bearing sub cutaneous B 1 6F 10; 
mela^ (FIGs 3 A and 3 B), subcutaneous giioma 26 1 (FIGs: 3C and 3D), 
or DBA/2 mice bearing subcutaneous Cloudman melanoma (FIGs. 3 E arid 3F) ; 
• v ^;;:/..:' x were iiy ected with 1 00 (lg either of | W (mIFNa i plasmid) or YR 1055; ; : V ; I J 
5 (control p^ per week for three weeks, beginnirig on day; 4 after /\ : 

-^'■}i' :: ': : tum^ injectiqn;i(n=8r 1 0 mice per;group); 

: FIG. 4. shows that systemic rnlFNa;; mlL-2 or mll,|i 2; plasmid DNA ' 
treatment reduces tumor volume (FIG. 4A) and mIFftd ^ht^^^^i^pl^ia^ii' 
DNA treatment increases survival (FIG. 4B) in the jsiibcutanedus fii^FIO 
P-V'^: ';^^ 0 ; \ ^ ' ;;:m mpd^ G57BL/6 mice beting subcutaneous B 16FI melanbmi 

were \^iil;10V-' Z ■sy^ 

; : (mII^-2); ; :or \^|012 (control plasmid) (n = 15-16 mice 
. week for three weeks! 

FIG. 5 shows that i.m. administration of hlFNo pDNA reduces 
25 : tumor volume (FIG. 5 A) arid increases survival (FIG, 5 B) in nude mice 
bearing human A43 1 - epidermoid carcinoma tumors. Mice bearing human 
; A-431 tumprs^^^ mm 3 were injected i m. with 200 jag of either 

VR4 151 (hIFN6) plasmid) or W i 055 ; (control plasmid) twice per : 
three weeks (ri= 15) 

^>^\P' 3 ^ FIG; ; 6 show^ administratis reduces 

#1^ melanoma lung Metastases in ; 657B176 mice: IVlicb bearing lung : 
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metastases of Bl^^^ 1 00: \xg of : -either; 

\^41 1 1 or W beginning on day 4 after 

tumor cell injection (h= 1 0 mice per group). '•T^TC'. means too numerous; to 
•. ; cciunt as seen i i h : the control group . 
5 FIG. 7 shows that i.m. administration of mIFNa ; pDNA reduces 

intradermal M5076 primary tum^ 7A) vas well as liver 

metastases (FIG: 7B)|in CS7SiL/p mice beanng murine M5Q76 reticulum cell 
sarcoma cells; M with 00 \\xg of 

; : !^ or VR1055 tw^ 4 : 

W^'M after tumor cell inbculation (n=l6-13 mice per group). : 

•;\ FIG 8 sho^ of different dosages ^ 6f 

mIFNa pDNA administration iin the subcutaneous Bl^F 10 meljahorha model. 
C57BL/6 mice bearing subcutaneous B16F1 0. ; melanom 'a were injected i.m. 
with 50 jig or 10D |ig bf either ^Vl^rrr: or ^1055 twee a ^feek fo ; 
15 beginning 4 days after: tumor cell in (n=10 mice per group), All 

{groups treated with m tumor 

growth by day 21 (p=0. 002) arid significant enhancement in survival 
; : (p<0.008) with all treatments tested (FIGs; 8 A and 8B) ! In mice treated with 
50 jpig VR411 1, tumor growth was significairitly reduced by day 2 1 (p=0.005), 
■20 v and survival was significantly that 
^ere injected twice per week or once per ^ every ;: 

other week with 50 \xg VR41 1 1 w^s not significantly different from the mice 
;V that ree 

FIjG. 9 shows the results; of experiments performed to determine the 
2? role of INfK and T ceils in the antitumor response induced by miFNd plasmid 

DNA. Nude niice |T^^ 
; (NK and T cell deficient) (FIGS. 9C and 9D) bearing subcutaneous Bi6Fi0 
melanoma tumors were inj ected i;m: with 1 00 p,g of either VR4 1 1 1 or 
VR1055 twice per week for th^ 
30 iiyectipn (n=l^ Nojsigiffi ypluirie or 

increase :iri survival was^ 
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: •;;- v ,;.: : ;t ; VR41 11- suggesting that: T : cells are Involved in the mIFNa antitumor 
• response. . : ^}-: : . ■. :Vf:v : "- 

• : FIG; ;lp shows eyaliiite the 

role of eb4 + and CjD^ in tte; mi antitumor ir^spofeeXFor 

5 depletion of CD4 + and GD8 + T pells, C57jBL/6 m subci^eous 

B 1 6F 1 0 melino^a; tumors were injected i . p . witHi 500 \ig of either the aiiti- 
i : : ; CE)4 mAb (clorie ^ ^ti«CD8 mAb 

; of 100 |Xg 6f either: ^ 11: or; VRl 055 ! twice per week '^otk\k'^ : ^'t^Li\ (ji :== 
10 . lb mice per group); The mlFNa plasmid DNA therapy significantly reduced 

tumor growth (p S : 0 ,002) arid enhanped;sury iyal (p ; < &QQ8) ;<)f both normal 
mice and; mice depleted of €D4^ T cells- ^suggesting itei^DA* T cells wire" 
not required for the resjionise; In contrast^ i mice depl eted • of €08- T cells arid 
injected with yR41 11 had tumor volumes arid sum 
15 significantly different from mice -treated with the control plasmid DIs[A, 

indicating a requirement for CD8 + f cells in the antitumor response. 
'V-HG^Vll'.'- shows that intrMumo^ 

treatment reduces tumor volumfe in the human J A3 75 melanoma 
model (FIG. 1 1 A) and human NIH^QVCAR3 (FIG. I1B) in mide mice, I& 
2Q bearing subcutaneous : tumor received direct intratumoral inj ectioris of a 

■ complex of D^A;D^ 

■ , plasmid PN addkibhal 5 treatments 

: every other day for a total of 11 injections (A3 75 melanoma ; model), or for 
every other day for a total of 1 1 injections (NIH-OVCAR3 ovarian cancer 
25 model). • . 

: FIG, 12 shows that iritratumoral mIFNa ( VR4 10 1) plasmid : DNA 
treatment r^uces tumor volume (FIG. 1 2 A) - and increases survival (FIG . 
-j; 12B) in the; subcutaneous ^ melanoma model -in 
received a subcutaneous implantation of 10 4 :fil6F10: : c 
: W fle| inning at day : 12 post ;tumdr implant i m ice received >' : six;: - cohs^utiye: X 
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intratumoral injections of = : , a complex of pD 
DNA:DM m^s mio, 100 jig of pWM^^y:'/; 

: ; :■ FIG; 13 shows liicif^ 
in mice after . i.p;.. inj ection of luciferase DNA:lipid complex. The; results show : 
5 high levels of reporter gend expression in ascites but low levels in peritoneal 

tissue; MOT tumqr^bearing^ ^ mice received i.p. injections of a 

complex of pDNA:DMRIE/b0PE (1:1 DNA:DMRJE mass ratio, 100 jag of : 
plasmid DNA); on - days 5 ^ 

collected 1 day (FIG. 13 A) or 3 days (FIG 13B) following the DNA:lipid 
10 : injection. 

FIG: 14 shows serum level s of TL>2 after i ; p . inj ection of either EL-2 ■ 
pDNA or protein in MOT tumor bearing mice- The serum levels of IL-2 were 
much lower than levels in ascites. Ascites and serum were collected at 4 hours 
arid days 1, 2, 3;;6 andi 10 post DNA or p 
' J I 5 point), and analyzed for r^^ 

FIG. 15 shows a significant reduction in MOT tumor grp^-(p=0.01) ; 
:: : : : '.'^VS: 15A) arid incred&ds^ ■; 15B) of mice treated with : 

i.p. injection of IL-2 pDN A; lipid on days ;5«10 after tumor cell injection. The 
DNA was complexed at either a 1 : 1 (15A and 15B) or 5:1 (FIGS. 15G arid 
; 20 15D) DNA:D1V[RIE mass ratio (100 jig pDNA). Plasmid DNA without lipid 

was hot effective (FIGs. 15E and 15F) 

FIG. 16 show^at i;p. mIL-2 plasmid DNA (VR 
; inhibits tumor ;gr^ 
MOT tumor model in G3H/HeN mice. MOT tumor-bearing mice received 
; . ; . ; : i 25 :. : : : ; ■ three ; ; : alternative^ 

(1 : 1 DNA:DMRIE mass; ratio, 1 00 ^g of plasmid DNA). 

FIG. 17 shows a significant reduction in MOT tumor growth and 
increased survival: DNAilipid 
followed^^ debiiikirig of tumor ascites. MOT tumor-bearing mice received 
six consecutive intraperitoneal injections of a complex of 
:; jpb^ pDNA); and 
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debulked; of 5 ml of tumor ascites 4 days after the last DNA: lipid injection 
.J-.' . ;(n=10); £ ■ ■ , , ; / j W;^./ ^K^^ 

FIG; 18 ; ishows : dose-response: of " : Vrnj^S^^ -^E^N (^11 1 0):lipid| 
treatment in the MOT tumor model. C3I^eN mice bearing MOT tumor 
5 :: j v^ere injected with 25, 50 or 100 : ^g-bf VR11 1 0;DMte/DOPE bii days 5; 8 
and 1 1 after MOT tumor cell injection. In mice treated with 50 or lOOjag of 
Wll 10, : tumor growth was significantly ; and survival; 

significantly enhanced (pf 0^01) 15 i post i tumor cell in^ 

compared to the control . tumor-bearing mi ce treated with i 25 jug of 
10 VR1 1 10: lipid were not significantly different from the control mi ce for either 

' tumor volume or survival (n= 15). ' . • 

FIG: 19 shows the cytokine profile of ovarian tumor ascites in 
C3H/tteN mice MOT tumor rnodel following^ 

treatment. Mice . receiyied i.p. injections of a complex ; pf ^ 
15 pDNA/DMRIE/bOPE (1:1 ratio, \ 00 ng of plasmid 

DNA) on days 5, 8 and 11 after tumor cell implan^ 
injection^ mice were sacrificed (5 mice for each time po and the ascites 
were collected and analyzed for cytokine concentration: The level of EL-2 : 
(daj^s 7, 10 and 13) and GM-GSF (days 10 and 13) were 
io: V : m^kedly that IL-2 upregulates EFNy and GM-GSF 

■•^:.." ; pr^^ 

: ':'HG..;-26^;shpws that i!f>. imlF^ 
• enhances survival (FIG, 20B) in 1 tfe MOT tumor model in £31^ 

MOT tumor-bearing mice received three alternative-day i.p injections of a 
25- :cbmf)lex of pDN A : DMRIE/DOPE (1:1 DNA:D 100 jug of 

plasmid E)NA). 
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v: The present inVenti^ ji s broadly- directed to : -tf eatmerit ; : : .pf 
; administerinig w ; ; w into a tissue of a mammal suffer can£er y at: least 

one polynucleotide construct: comprising at 1^ 
- j ; at ; least bne c^okihe, or at least one active fragment : thereof. The 
5 polynucleotide cbhstHict ii^ cells of the mammal w vivo, 

and a therapeutical ly i effective : amount of a cytokine i s profact&in vi votf? arid 
delivered to tuitior cells. Gombinatipns of cytokine-encoding polynucleotides 
■ 'can be administered; 1 ' . 

; The present : invention provides a pharmaceutical composition 
10 comprising about 1 :; ^ng : :Sto!|;:^ of a non-infectious, non-integrating 

polynucleotide constrict com^ from the group 

consisting of (a) a polynucleotide tKat hybridizes under stringent conditions to i 
the hucleotide se ID No . 7 or the cqmplemient theresof^ 

the polynucleotide sequesnce encodes a polypeptide that has aiit iproliferative 
15 ; activity to; NIH-OVGAI^; cells m v/'/ro; (b) a p olynucleb tide that 

/i;least bne but not / more jthian 2 0 : amino acid - substitutions, • deletions, or x 
insertions, is identical to amino acids -23 to 172 or 1 to 1 72 in SEQ ID No. 8, 
and wherein the polypeptide has antiproliferative activity when added to; NIH- ^ 

20 OVCAR3 cells /« v//ro; and (c) a polynucleotide that encodes a polypeptide 

comprising arriino; ^ 8, wherein the polypeptide has 

antiproliferative activity Sy hen added to: NIH-0 VC AR3 cells in vitro; andprie 
or more cationic compounds selected ^ fr^^ consisting of cationic 

lipids^ Catioiii^ clonic polymers, and mixture s 

25 i thereof The pharmaceutical pom^os to practice all of the 

The present irrv^nt ion alsp^ a : pharmaceutical composition 

obtained by complying ia selected from the; group consisting 

^ tb ;thM; 

30 ; n^ 

; ; polynucleotide sequence en cp des ; a polypeptide ; thatt ■: ;hfe 
f ctiyity wh^ 
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encodes a polypeptide;:^ 

least one but not more than 20 amino acid substitutions^ or 
insertions- is identicaf t^ 

wherein the polypeptide has^^' a activity when added to NIH- 

5 OVGAR3 cells w encodes a polypeptide 

: ■: comprising amino acids 86- 172 in SEQ ID Islo: 8, wherein the polypeptide lias 
antiproliferative NHi-OVC AR3 cells w vitro, with one 

or more cationic compounds select 
; lipids/: cationic peptideis, cationiC: jproteins^c and mixtures • 

10 _ ; : thereof ■ ' ,. : ■ ; / : - " . • / ; - ■ : ; ' ' 

The pharmaceutical : C6m^ of the present inyentibh can be a : 

; polynucleotide constmct comprising^ 
stringent conditions to the ; micleoti^ sequence^ of : SEQ ID No; 7 or the 
complement thereof, wherein the polynucleotide sequence eiicbdes a 
15 ; \ polypeptide that his antiproliferative activity^^^w 

■ cells in v/^o, and one or mbre ; catiorii cv c^ selected from itH^ 

i ; ebnsisfting : of eaS lipids^ catibriic peptides; ' cationic proteins • ; catibnic 
polymers, and mixtures thereof Alternatively, the pharmaceutical 
composition of the present invention can construct 
20 comprising a polynucleotide that encodes a polypeptide; comprising an amino 

acid sequence which, except for atileast one but not more than 20 aminbiacid 
substitutions, deletions, or insertions, isj identical amino ;: acid s -r23 to 1 72! ; br 
1 to 172 in SiiQ^ 

activity when added to Nffl-OVCAR3 cells in vitro y and one or more cationic 
25 compounds selected from the group consisting of cationic lipids, catibnic 

peptides, cationic proteins, cationic pblymersi and rriipures : thereof 
Alternatively, the pharmaceutical compositi on of the present invention can be 
a polynucleotide construct comprising ; : a ; encodes a 

polypeptide comprising amino acids 86-172 in SEQ ID 8, ^herein the \ 
30 : polypeptide has antiproliferative activity when added tb 1^ 
V ; in vitro; and one ; ^ 



consisting of cationic ; lipi ds^ cationifc peptides^ cationic proteins,- cationic 
polymers,^ v^: • . 

The pharmaceutical epihpositibn of the present in vention comprises ;■ at 
least one polynucleotide i construct comprising least one polynucleotide 
encoding an IFNo), or an actiye fragment thereof Preferably, the 
polynucleotide construct contains a polynucleotide en^ 
More preferably, IFNco i s encoded by nucleotides 1 to 585 in SEQ ID :Np; : 7 
(corresponding to amino; acids -23 to 172 in SEQ ID No! 8),: or by nucleotides 
70 to 5 8 5 in: SEQ ID; No: 7 (corf esponding to amino acids 1 to l%in SEQ 
No. 8). Most preferably, the polynucleotide construct is : VR41 5 1 in SEQ ID 
No. 4. The polynucleotide construct may be complexed with one of more 
cationic compounds selected from the group consisting of cationic: lipids, 
cationic peptides, cationic proteins;: catioriic^^ polyMers, and mixtures thereof 
Preferably, the polynucleotide construct is complexed with one .or more 
cationic lipids. Mbre preferably; the pblynucleotide to 
with one of more cationic lipids and one or more neutral lipids. Still more 
preferably, the cationic lipid is (±)-N-(2-hydroxyethyl)-N,^ 
bis(tetr^ecyloxy)-lTpropariiminium bromide (DMRIE) and: the neutral lipid is 
l,2-didIeoyl-sntglycero-3-phosphatidylethan (DOPE) such that the 

mass ratio of polynucleotide^ to lipid is fhim and abbut 

Q.5 ;1. More preferably, the mass r^io of polynucleotide construct t^ 
from about 5:1; and about 1 : 1; Still more preferably, the ; mass ratio of 
polynucleotide construct to lipid is about 5:1 . 

Gytdkine-encoding plasmids discussed herein incl^ 
in the VR1012 vector) (SEQ ID No. 1), W4112 (hlFNa in the VR1055 
vector) (SEQ ID No. 2) • VR4 1 50 (hiFNo) in thfe;Ml012 vector)(SEQ '©;N(j; 
3), VR4151 (hlFNca; in the VR1 055 vector) (SE(3 ID No, 4), VR4 1 01 (mIFNa 
in the VRI012 vector) (SEQ ID No. 5), VR4111 (mIFNa in the VR1055 
vector) (SEQ ID No: ^ : ;M:VRn vector), ^1103 

(hIL-2 in the \^ vector) (SEQ ID No: (25),: VR4001 (ihIL-12 in the 
VR1 033 vecto^, arid VR1 700 (mGM-GSF in the VR 1012 vector): ■ i 
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Cytbkine-encoding cDNAs diiscussed herein cDNA for 

hlFNco (SEQlDNo. 7^ the cD^ No 9), the cDNA for 

mIFNa (SE0 ID No i H 

portion of SEQ ID No 25), the cDNA fo mLL-2 (for example, as disclosed in 
5 Kashima et dl}, Nature 3/5:402-404 (1985), which is hereby incorporated by 

reference) the : cDN^ :;fo 

Eur. J. ; Immunol 26; 1 222^1227(1^ is : feeby^^ i 

reference), and the cDNA for mGM-CSF (for example; as d^ 
^etaL 

10 Cytokine polypeptides discussed herein include hlFNco (SEQ ID No/ 8), 

hlFNa (SEQ ID No 1 0), mIFNa (SEQ ID No; 12), a$&-2 (SEQ © ^,14 
. arid SEQ ID No. 26); 

By " stringent conditioris" is intended a hybridization by overnight 
incubation at 42 °G in a solution comprising: 50°/o formamide, 5x SSG (750 
15 : ^rnM NaCl, 15 mM trisodiurn citrate), 50 mM sodium phosphate (pH 7.(5), 5x 

Denhardt's solution,: il0% dextran sulfate, and 20 ^g/mi denatured^ sheared 
salmon sjperm bNA^fo by repeatedly washing ^ least three 

times) in 0. lx SSC and 0 1% sodium dodecyl sulfate (w/v) for 20 minutes at 

20 By ' , active fragment M is intende 

the antiproliferative activity of the mature; or full length cytokine: For 
example, a iuH ;hIFNo> is set forth in amino acids -23 to 1 72 bf SEQ © 
No. 8. The corresponding mature hiiW0 is set ^fo 1 to 172 f 

of SEQ ED No 8 . Active fragments of hlFNa) include, but are not; limited to a 

: 25 ; ; i : polypeptide com 

comprising amino acids 6 1-1 72 in SEQ ID No ; 8, a polypeptide^^ 
amino acids 4 1-1 72 in SEQ ID No . 8 ■ ; and a polypeptide comprising amino 
; acids 21-1 72 in SEQ ID No : 8 . A full length hlFNa is set forth in amino acids : 
-23 to 166 of SEQ ID No. 10; The coirespohdirig mature hlFNa is set forth in 

130 > : amino acids: Vl"=- : .t:c>. i j ^^..S\E<2 _UC>- l^o J .1 0> |-/ --AciiVcs! &%s^^9<^3J ojF\iiIJE?lSIdc _ infcluclie, 

^ ; ; b^ 
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■ '" " y " :: - ■ ' :: ■ >y -20- ; ■. . ■ . v . / ■ -■ y/.y- v- :' ■ .- . , = 

' No/ 10 y a polypeptide c^ acids 6 1 - 1 66 in SEQ ID No. : 10; a 

polypeptide comprising; amino acids 41-166 in SEQ ID No. 10, and a : 
polypeptide comprising amino aci^s 2 1 02 l-0i^^6^fhi-.. 

:: ^4|.iS:'set : . fdrth in amino acids; -20 ^o 43 : 3---pf;;SEQ.^fNp; 
5 cbn;espbndihg: matu 

14! Active fragments of not limited to a polypeptide 
: • comprising amino acids: 58 to ; 105 : ^ 14; and; a pblypepticle 

amino acids 20 to 1 26 in SE(y! ID No. 14. : 
:,: Assays of aritipro liferative act i vity i: in, ■ y/ //ro : ai^ wel 1 known to those ; of 
10 • orduiary skill in the art; For example; one : i^iproliferation assay that can be 

used is to: tt^ cells 
(ATCC^R^ supernatant^ 
• cells transfectbd iwith thd:p construct cdhta:iri 

encoding an: n^jO) : or an active fragment thereof ; In this ahtiproliferdtion 
15 : assay^^ are cultured and plated in: 96 well-tissue cuhure ;; 

plates. The plates are iricubated for 24 hours at 37> C in a | humidified 5% GQi 
: : atmosphere. Twenty nl of tissue culture superhatants from transacted UM449 
cells are added to duplicate wells. An interferon reference standard: 
human leukocyte interfere Sigma GhemicaliCb , St; Lewis; 
20 in each assay. The ^ with the test samples or ^ 

kandard ^ 

proliferation/ 50^1^ (Gfell: Prblifem 

Mannheim, : Indianapolis, IN) is added to each well and;: the | plates - ;atfe 
incubated for an additional 24 hc^rs ; at 3 7° C j)rior to measurement of the 
;25 OD490: Otiier cell lines can bb used in the aritiproliferation assay. Fbr 

example, any of the cells listed on Table 1 cian be used. Another 
antiprbli^ 

For treatment of cancer, a polynucleotide eonstmc comprising a 
3d polynucleotide encoding a cytokine can be delivered locally^ systemically or 

y intra^cavity: : In ithe ; ''systemic^ eitibodirheht of the ; ; invention, one .pi-:-.. 

■ more polynucieptide construct i w one or • inore • polynucleotide 
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: : " : : :Mcbding ofe 
ipblynucleotid^ 
; iiitp the circulMion^ ^ 

• cytokine is systemicaJly^ d^ ' ; /• 

5 : polynucleotide construct can be administered: within: ex v/yo cells or associated 

! with ex vivo cellular material. Preferably, the b^plcirie is ari IFNa, 
:' : 1^ IL-I G^GSf/ or v;; 

bhe - :; 

- or more " additional : c^okines>; "; More^ prefo IFNa, 'h ; 

:: : : :10 /^r. . jnTOov : Ik-2 f or III 12/ • Most preferably, the 6j^6kine|^ i : pr-':I^p : : : 'i o 

Examp 

IFNa; a polynucleotide: encoding an IFlsIco and an: ^ polynucleotide 
encoding an IFNa and an IL-2; and a polynucleotide encoding an IFNco, an 
11^ ah IL-2. More preferably, the polynucleotide • 
; : ^/ ;; ;;-ii5'' • polynucleotide encoding an IT^co arid/6r:;an n^a Even more ^ 

polynucieoti^ a polynucleotide encbding^ a IFNco 

arid/or a human IFNa; Even nibre preferably^ 
to : Preferably^ the polyh 

: from ex v/vp cells a^ cellular material; 

'•l^^' 1 :^?^;- In this embodiment, administration can be into tissue including to 

limited to muscle, skin, brain, lung, liver, spleen, b one marro^ thymus| heart, 
lymph nodes; blbod, bbne^ pancreas;; ki&ney ^ : gdJl ! 6ia<i^ r v stbmafch, 

intestine, testis, ovary; uteruSj rectum, nervous syste^ or y:^^:^^'y^ 

: ; connective tissue. Preferably^ the administration; i 
25 ; skeletal muscle, :- smooth muscle, or myocardium, and the polynucleoti^ 

: : construct is naked. Most preferably, the muscle is skeletal - muscle: For 
■ : :>polyfo in ^hich the p^ 

DNA, the Dl^A can be operably linked to a cell-rspecific promoter that directs 
"• substantial tr^ 
■ "30 By "naked" is meant : that : the :polynucle6 

; association with any d in the art ^ can act to fad • 
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10 



entry into cells; for example, from : trarisfectipn-faqilit^ing proteins, viral 
particles^ i liposoirie lipids- and calcium pHbsphiate precipitating 



Asjused herdn, "i^ 
construct is introduced; for example, by transaction, lipo^ctipn, 
eleptrppbration- to The; ceHs ; cp 

polynucleptide constm 
Such ex \vivd polynucleotide ;constmcts are 

skill in the art. ; ; ^or exam^ al , J. A/a//. Cancer Inst 

85: 207-2 1 6 (1 993); Ferrantihi, M.. ei tiL, CancemRe^ea^53: i;i07-lll2 
:i(1993);Ferrahim^^ 

^cd^ItiLj. Cancer 60: 221-229 (i995); : Ogura, H^, etcd^Caricer ' Research 
50\5\(& Human Gene Thereby A i 10 

(1 996); Santodonato, L:, et al^ Qene fyerapy 4A246^ 
15i J:^ 3: 31-38 (1996), 

The : ^ 
>: when it ; is administered;^^ 
cellular material. 

In the: : ' local cytokine delivery " embodiment of the present invention, a 
20 ; ) v polynucleotide cp 
; Il^ct is idmintst^re 
polynucleotide is incorporated into the cells of the tuntpr. Tumor cells 
subsequently ^pf ess the interferon polype^ 
. cancer. • : " ^V. .. •.- " :: ■ ■ . . ' : :•- 

2? : ; in this embodiment, a polynucleotide; ro^ comprising 

polynucleotide encoding an IFNco and/or an IFNa can be administered into the 
tumor: Alternatively, the polynucleotide construct can be administered into 
: non-tumor cells surrounding a tumor, hear a tumor, or; adjacent to a tuinor, 
: such that a therapeutically efft of an IFNoi). aiid/or ^ ; 

-° produced w v/m^ the tumor and is ddivered to the : rilsdignant ' 

cel^ One way to provide ilpcai 

: construct is ; by administering intravenously a ; polyriuclfeptide cbhstruct 
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: : 1 cprriprisihg a -tumo promoter, wherei^ 

: • incorporated into the cells of the ; tumor a!nd the cytokine is expressed ; in the 

■ : construct is administered^ m^ 

5 : In the "infra^cavityi; deliyery" em^ 

; ■ / provides a method of selectively 
; iBeatfing body^ 

into the body cavity 
:: : cells and the tiimor ceHsi ;subsequently e 
10 polynucleotide in an amount effective! to treat cancer 

i ; : construct is administered ;! free from ex v/va cblls and : fr^ 
material; 

• A cavity is a space within th^ body that can confine fluid volume for 
some period of time. The cavity can either be present in a normal animal, or it 
15 pan be pro surgery or tr^m in the 

•normal animal include the peritoneum, the>; cerebros fluid space, the 
; : ventricles of the brainy th 
the nasal sinus, the bladder, the vagina, the ear, the syhoyiunii bf various joints 
: ; (knee, hip ;; etc.), the internal ne^ 
; 20 : : ga^rointestinal tract including stbmach 

'., also produce a space w^ 

i produced by tr^ma or surgery a cavity; ;: 

and the area under a blister produced by an ; infection; ; abrasion or a bumf also 
'.■•"'"•"V fits the definition. • 
25 There are special bioavailabil ity Considerations when a gene deliyei*y 

• system is administered into a cavity. First the fluid volume in the cavity can be 
; substantially: comprised of the vehicle in which the delivery system is 

suspended Secdnd, the deliyery -s^ 
> are either suspended in the cavity, or that are lining the surface of the Cavity: 
30 Third, in some cases n(& cavity 

may be embedded ;iri 

• delivery system. ^ delivery: system may : preferential^ 
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• th^ are grooving pute^ : 
. ; that are growing within the extracellular matrix, conferring a kind of bell 
i;:": ' selectivity to the delivery system; ; ••; . . -l* 

With respect to the first point; body fluids :such as serum, have been 
• '••5 ' ; shown to inhibit gene delivery systems. For i^ampl e, the tr^sfebtibh -:. 

activities of Lipofectin and LipbfectAM 
; • thought that semm 

their uptake into cells. In cavity models the endogenous fluid volume be : ; 
; removed v ^ can be washed, andythe delivery system : c^^ be 

: a^ vehicle jthat is compatible 

■ ' ■ delivery esffi cacy: Thus the: cavity model -all ows: the irive^ : \ci^ate;va : ; ; ' ■ 

' fluid environment whi^ delivery potency ■ 

With respect to the second point, cells that are either floating in the 

^; : ; 

; ; 15 " ' x ' r '. delivery system and can be preferentially transacted relative-; to ;pther cells in 
: the body^ Sint e ; the deli very system is confined withih the cavity,; p 
" cells in the body outside of the cavity will hot be transfected.^ T there is 
j • ti targeting to the cells within the cavity: For example, gene delivery 
systems admin^ ^ the peritoneal cavity will -have access; to metastatic 

20 - tumor cells derived from colon or ovarian caricersi that are fib jatiiig in the 

• peritoneum or are attached to the surfaces of the peritoheum>E)elivery| systeihs 
; : ; : administe^ 

DeHVeiy: system Administer^ spinal fluid Should : 

' : have access to metastatic cancer cellis present there. ^ 
25 With respect to the third point, difFerentia^^^ that are present in 

normal tissues are often embedded into ah extras 
can be difficult to: penetrate with large particulate deliv^ 
cells, such as poorly : differentiated tumor cells, - that aire preseiit in cavitifes;::tih ; 
• grbw outside of the normal : extracellular matrix and are : therefore more 
; 30 -accessible to gene delivery systems. In this way the delivery system can 

: pr^ are growing out sid^ : 
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; matrix. This is another form of in vivo; cell type specific targeting. Examples: 
:> of normal cells that are not embedded in an extracellular matrix and are 
therefore more accessible to gene^;d are, bronchial airway cells, 

lung cells; in: the 
5 ventricles; of the brain: Normal bl 

are embedded in a tight esxtracellular matrix and are therefore not readily 
: accessible tfcj ; a gferie delivery system del iv 
"■■.;= - i^W the extracellular matrix into the bladder vesicle are : 

accessible to gene delivery systems administered into the ; bladder vesicle 
:10 > .-/v-Thus normal bladder tissue would be expected to resist trahsfection whereas, 
bladder tumor would be expected to be transferable^ ; ; i 

A preferred application of the intra-cavity delivery embodiment is in 
ithei treatment of I peritoneally di ssemihated cancers. More specifically, a 
mam an effective 

15 amount of a polynucleotide complexed with a lipid in a physiologically 

acceptable diluent in a M 

The mammal may have tumor ascites in the peritoneal cavity as in an ovarian 
cancer. In the most preferred application, this methodology may be used i in 
treating ovarian cancer of a human. 

20 Debulking of tumor ascites is commonly performed on human ovarian 

cancer patients. Debulking involves removal of tumor ascites from the 
peritoneal cavity:: In liumins bearing ovarian tumor ascites, the ascites fluid 
would ^e: debulked by insertion of a catheter i. p. followed by periodic draining 
of ascites fluid. It is cohtemplated that the tumor ascites would be debulked 

25 before and/or after the i.p; administration of the polynucleotide formulation of 

the present invention. 

Transaction efficacy of the intra-cayity delivery embodiment may be 
; determihed by Collecting t^ ascites; and i sfe^m 

injection • arid : perfbrining diagnostic assays appropriate for the encoded 

30 molecule(s); Naturally, other means of determining tumor mass, growth, and 

; viability may al so be used to ; assess the effectiveness of the present inyehtibn. 
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Preferred ipolyiiucl eotid es for; the : ; intra-oiyity del i very embodiment 
may^ : e molecules ^ as cytokines (eg, 

interleukinsl^ 

GSF, tumor necrosis factdris)^ 

5 : (e.g., C-X^C and C-C), Glass 1 and II histocompatibility antigens, 
costimiri^bry m^ 

; factors (e ^., epidermal growth factors, fibroblast growth factors, transforming 
growth factbrs and growth hormone), and the like 

: also ericode bacterial antigens, viral glycoproteins, enzymes ilysbzymeis), 
10 recombinant - antibodies, molecules . that interfere with • cellular adhesion;: 

; adhesion molecules, proliferation and vascular inhibitory factors, ribozymes, 
and antisensie RNAs target ecli toward key oncogenic or tumor growth prpteins, 
Mor^ver, selective deH peptides (e.g. , rieiri, dip htheria toxin, b^^ 

; : cobra venom 

15 thymidine kinase and cytosine deaminase) to the malignant cells may have 

therapeutic benefits. The polynucleotide^ i^^ tumor 
suppressor gene (e.g; , p53 ). Preferred polynuclebtides encode cytokines. 
Preferrejd cytokines arb 

For treatment of cancer by any of the above disclosed embodiments, 

20 ; any polynucleotide encoding an IFNco, or an active fragment thereof can be 

used. For example; the polynucleotide constnact can be; a construct 
comprisfing a;pblyn^ 

hiicl eotide sequence of SEQ No; 7 or the complement thereof, wherein the 
: polynucleotide sequence encodes a polypeptide that ■ has antiproliferative 

25 activity w^^ 

compounds selected from the i group consisting of cationic lipids, cationic 
peptides, cationic proteins, cationic polymers, and mixtures thereof 
Alternatively, the construct can be a polynucleotide c^^ comprising a 
polynucleotide to^ an amino acid sequence . 

30 which,: except for at least one but riot more than 20 amino acid substitutipris, 

deleti ons, or : insertions, is id eritical to ariii rib aci disi -23 : to 1 172 : or ^ 
SEQ ; !^ the: polypeptide:: Has: antiprol^ 
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• added to NIH-Q 

.'•j : selected : from ^ : | consisting of icatidriic lipids, cationic peptides, 

.. catioiiic; proteins,, cation the 
constmct :cjan be a polynucleo comprising a pblyhiiclfeotid^ :^at 

encodes a polypeptide comprising amino acids 86-172 in SEQ ID No^ ;8;; 
wherein the polypeptide has ^ 
• OVGAR3 cells compounds sdected from 

the group consisting of cationic lipids, cationic peptides, cationic proteins; 
; cationic polymers, arid mixtures thereof. Preferably, IFNcd is encoded ty 
nucleotides 1 to :58!5 in^ 7 (corresponding to amino acids -23 to 

172 in SEQ ID No 8); or by nucleotides -.;%^ : 'i5& in SiE0 ID No; 7 
(corresponding to amino acids 1 to 1 72 in SEQ ID No. 8): More preferably, 
the polynucleotide construct is VR41 51. 

For treatment of cancer, ahy^ p or active 

15 fragment itH^rebf^ can also be used Fpr-exam^ 

can be a construct comprising a ; polynucleotide th : 
conditions to the nucleotide sequence of S1EQ ID No. 9 or the complement 
thereof, wherein the polynucleotide sequence encodes a polypeptide that has 
: ; : antiproliferative activity w 
20 :or more cationic compouhds selected from th 

lipids, cationic peptides, cationic proteins, cationic polymers, • and mixtures 
thereof : Alternatively, the construct ; can be a ^olynuclebtiiJe cbristmct 
comprising a polynucleotide that encodes a ^ amino ; 

atcid sequence which, except for at least one but riot more 
25 substitutions-deletions, or insertions, is identical to amino acids -23 to 166 or 

1 to 166 in SEQ ID No. 10- wherein the polypeptide has antiproliferative 
activity whenjatided^ 

compounds select group insisting of cationic lipi ; 

peptides, ; catjpnic^ proteins, cationic pqly^^ 
30 : : Alternatively, the construct can be : a polynucleotide cons^ a 

SEQ ID No. 1G; : ; wherein polypeptide has antiproliferative a 
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added to NIH-0 VC AR3 cells //7 vitro\ arid one or more cationic compounds 
selected from the group consisiting of cationic lipids, : cationic peptides; 
: ckionic proteins^ cationic pblym Preferably; EPNix is 

encoded by nucleotides 1 to 567 in SEQ ID No; 9 (corresponding to amino 
5 afcids ^23 to 166 in SEQ 1 0); or by nucleotides 1 to 567 in SEQ ID No. 

9 (corresponding to amino acids 1 to 1 66 in SEQ ID No. 1 0). : Prefeiirably, the 
polynucleotide construct is YR41 12; 

: For polynucleotide constructs that do not polynucleotide 
; encoding IETNco, the polynucleotide cell-free 
10/ construct. For polynucleotide ^coristm^ contain a polynucleotide 

encoding IFNco , the polynucleotide construct can be administered : either 
within ex v/yo cells or free of ex vivo cells or vivo cellular: materiatl; 
Preferably/ the polynucleotide construct is administered free of er v/w cells 6r 
. ■ ex v/vo cellular material; • 
'p In the ^ and "iritra-cayity delivery^ 

; ; : : polynucleotide ^poristhact is preferably 6ne or ; more c^ioi^ 

compounds; More preferably, the polynucleotide^; to 
);- - ^0h& : br more cationic lipids by ionic interaction, ^etieralb/^ tte cbmpiex then 
contacts the cell membrane a-rid;: is tran 
2Q ; :::m^ 

; procedure (Feigner, eiM^Prbc. NatL y Acaci: ^ 7, 1 987); 

;^ 557:387-3^8, 1989)^ ; 

; ^polynucleotide construct • is complexed with : one or more cationic ji{Dids iiid ; 

■? 5 ; : For purposes: of the p lipid • refers to a synthetic or 

; naturally occurring compound:^ Md a 

; polar region, commonly referred to as a head group: Preferred catioiiic 
compounds are cationic lipids, Gationic lipids are described in U S; Pat; 
^ 4,946,787; 5,049,386; 5,264,618; 5,^833; 5:334-761; 

;3() : y(^^^-SA59A 27; 5,589;466; 5,676,954; 5,6^3,622 5J03,OS5; 

K : 95/1 465 1- 95/1 7373; 96/1 8372 y 96/26 1 79^ 96/40962, 96^ 
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97/00241, and document s cited therein. As illustrated in the above-cited 
patents and ■ patesnt ^ppHc^idhSj • catiorii e lipids; coiripn^ features; that 

: . i m a variety of core mblecul ar classes . 

Examples of I i catiohic • Hpid^ 
5 dioc^decylamide (E)5iSS) and dipalmitoy 1-phophatidy lethan^ 

c^bxyspermylamide (DPPES); Catipni^ also 
use^l,; including {3p-(^-N , ,N , -d^ 
clfelesterol (DC-C 

10 :; b 

methyl-ammonium^ N,N,N-^ 
(3 -amiho)prbpyl-amm bromide (PA>TELO), and N ^ 
; : dodecylpxy)ethyi)-N 2 -(^ (GA- 
;•: LOE-BP) ^ the present iriyend 

^ : Non-diether cationic lipids, such asP D 

p 

oleoyl-3-dimethylaminbp^ ester/ether), 
: ; and their ; salts pronibfe -/a vivo gene -delivery; Preferred cationic lipids 
comprise groups attached via a heteroatom attached to the quaternary 
20 ; ; : p ammpnium,m^ head group. ' A glycyl spacer ;c^; connect ^ 

: : to the hydroxy 1 group;- 
; Preferred;^ 

; 1,2-dibleoyi (DLYS-pABA- 
DORI diester);^ 

25 dimethylaminopro^ ; (DLYS-DABA-GL 

; di^ 

: prppaniminium bro 

:>^?P.;, : ,:;': . -. pref^ed - ■. • are ' > : 
; (sperM 

3° ■ pe^ydfochlbride (DOSPA); : (±)-N^ 

: bis^tetradecy bromide (p-^inoethy^ PAE- : 
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N-(3 -aminopropy 1)-N,^ 

bromide (GAP-DLRIE) (Wheeler, et hlj ^roc. NatLMcadk ScL USA 
: ; P3;l ^ 

Other examples b£D are useful for 

5 the present invention are (^ 

decyloxy>-l-propauiamiriium bro (G^-DD 

NiNrdimet 1 -propanamihiiirh bromide (GAP- 

DMRIE), ; (±)-N^((N H -m^^ 

. bis(tetradecyloxy)- 1 -prbpanaminium )M<bmid6 (GM^ 
10 ^ h^^ bromide 

(^LRiE), ■ ; and" ; ; (#N^^ 

octadecehy lbxy)propyl- 1 - propanimiriium bromide (Iff -DORIE). 

The lipids of the iipid- 
lipid alone, or further comprise a neutral • ; lipid: such as cardiblipin, 
15 phosphatidylcholine, phdsphlati 

dibleoylphosphaM 

phbsphatidy lethandlanii ne (DOPE), sphingomyelin, arid ^ di- - br tri- 
acylglycerol; Other additives, such as cholesterol, fatty acid; ganglioside, 
glycolipid, neobee, niosome,^ p sphingblipid, ^d any other 

20 ; natural or synthetic ampHiphiles, can also be used A preferred molar ^ of 

cationip ilipid to neutral lipid in these iipid-coi^ from 
iabout 9:1 to about 1:9; an equimolar ratio is particularly preferred. The Iipid- 

• containing formulation can - further cbmpriie ai | ly so lipid (e^ ; lyso- 

• phosphatidylcholine, ly sbphbsphatidy l-ethariolaini ne; or a ly so form of a 
25 cationic lipid). 

More preferably, the cationic lipid is: (±)^^ 
dimethyl^2,3-bis(tetradecyloxy)-^ bromide (DMM and the 

neutral : lipid is l ? 2Tdibleb 
such that the mass ratio^ 
30 • ' and about 0:5:1 Still morei preferably, the mass ratio of pblyriiicleod • 

construct to lipid is ifrom about 5 : l|ajid about 1 : 1 . Still more' the 
;mas^^ 
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; ; ; LipidrCphtiaihi^ 
with the polynucleotide construct of the present inventiori can also comprise 
; : catipni c lipid together : : ; v-The-; 

lysophosphatide can have a neutral or a negative head group; 
5 Lysqphosphatidylc 

' ^ particularly preferred; 

Lysophosphatide lipids are advantageously present in the lipid-contaihing 
■ ; fbrmulat idri in ; a 1:2 ratio of ly solipid to c^iohic lipid; Lyso fbrnis of a 
cationic lipid can;al so be used to promote polynucleotide delivery; These: lyso 

; 10 forilfl^^ 

the total : : 

In a fbntiuiati^ 

can be present at a rancentration of between about 0. T mole % and about 1 00 
mole %• preferably about 5 mole % and 100 mole ; ; and most preferabl y 
15 • between .'; about 20 imole and 100 mole Vo^ relative to other formulation • 
.• : ; ; components present in ^ neutral lipid can be; present iria 

concentration of %tw 

about 95 mole %, arid most preferably zero and about 80 mole %. In order td 
^ ; ; p positive charge, the quantity of the 

20 positively charged component must exceed that of the negatively charged 

component. The riegatiyely charged lipid can be present at; between zero : 
; about 49 mole %, and preferably between zero arid about 40 mole ^o. 
Cholesterol or a similar stero 
%; and preferably ^ 

25 ; The polynucleotide to be delivered can be solubilized in a buffer prior 

: -ttdimixing wit^ 

buffered saline (PBS); normal : saline, Tris buffer, and sodium phosphate 
■ vehicje:(l 00- 

in a weak acid ^ diluted to the desire^ with a neutral 

buffer such as PBS; ffe 

pharmaceiitically acceptably be used in the buffer provide an 
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: ^ lipid solution epmprising ; a : amphipathic lipid can 

spontaneously -assemble W in; size. 

Therefore, according to a preferred method,^ the lipids of the lipid-containing 
formulation; comprising at least one catiohic lipids are prepared by dissolution 
5 in a solvent such as chlorofoiln aihd the^^m as a 

film on the inner surface of a glass vessel On siisperisibh in an; aqueous 
solvent, the amphipathic lipid molecules assenib^ 

lipid vesicles. primary lipid vesicles may be redue^ mean 

diameter by means of a freeze 
10 be formed prior to drug delivery according to; methods for vesicle production 

known to those in the art; for example;/ th^ lipid solution as 

described by Feigner, et at (Proc. J^all- Acad ScL (JSA ;^:74 13^741 7 (1987)) 
: "• and U;S. Pat. No!;5;264,6 

The term '■mammal' 1 is intended to encompass^ ^ 
15 -and plural --m and includes, but is not limited to Hu 

; : ^mammals such as - apes, ;-:::ittc)rkeys^ : : ip rangutans; ; and bhi rripanzees ; <^ine 

mammals such a^ dogs and wolves; feline mammals ^ 

tigers; equine mammals i;su 

bears. Preferably, the? mammal is ^ 
20 Tumor cell formation and growth, also known as "transformation," 

describes the formation and proliferation of cells that have lost their ability: to 

control cellular division; that is the cells ^e cancerous^; "Malignant cells" are; 

defined as cells that have lost the ; ability to control the cell division : cycle, 

leading to a transformed or cancerous phenotype 
25 ; : : : : The t^rm " non-tumor tissue'Vis intended to include, but is^ 

to non-tumor bearing tissues such as muscle, skin, brain, lung, liver, spleen, 

bone marrow, thymus; heart; lymph^ 

^all bladder, stomach, intestine, testis; oy;^ 

eye, gland, or connective tissue. Preferablyv the hon-tumdr 
30 V Preferably; the polyhucleoti delivered to the interstitial 

■ isjpace of a tump 

intercellular, fluid; i mucopolys&cc^ the reticular ; fibers of 
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organ tissues, elastic fibers in the walls of vessels or chambers, : collagen fib^ 
of fibrous tissues, or that same matrix within : connects 
muscle cells: It is similarly the space occupied by 
the plasma o^^^ fluid of the lymphatic channels; : : 

■ 5 ; ; Th^ ph^ 

can! be used to treat a variety of mammalian cancers; or tumors. Types of 

tumors that can be treated 
composition ari^ of the present invention include, but ire riot limited i 

:to all solid tum^ f'^ciryL 
10 ; cell carcinoma; colorectal carcinoma, colon ca:ncer, hepatic metastases of 

advanced colorectal c^inomai lym v 
malignant lymphoma, Kaposi's sarcoma, prostate cancer, kidney cancer, 
ovarian cancer, lung cancer; head and neck cancer, pancreatic cancer, 
:;^meseriteric : ; Cancer, gastric cancer, rectal cancer, stomach cancer^ bladder 
■ 15 V /;.• :•;•' ' ^cancer, leukemia (including hairy cell leukemia and^^c^ 

nph-mejaripma skin c^ bell: : ;: 

|;carcin^ 

; y ; yg;!i<^a.; P metastases 

; v ; v . \ : ; ■' thereof; ' ' ' ' ' ' : " . 

• of metastasis, an^or^ a slowing of tumor growth, and/or no worsening in 
disease ■ ;. . 

A systemic delivery embodiment be particularly ^ 

25 disease category that might be responsive to . continuous exposure by the 

■ , systemic route (iye.-mye 

local delivery embodiment can be particularly useful for treating oiie disease 
condition that might be^ responsive to high local cbncentrati^ 
■ carcinoma, m^lari For tumors involving body cavity of a mammal, : 

■: ; :y^P'[ "intra-cavity" embodiment is prefeirfed. In patticular, th^ use of this 

methodoiojgy is Envisioned in treating cancers in^^ peritoneal - 

: V cavity--p^ gastnpii caricer, qvar&n • mesenfenc cancer, : ; 
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■ f^^ lymphoma an^ 
c^ 

caliper; When advantageous, systemic, local, and/or intra-cavity delivery can 
be combined; especially in a mammal having a primary site of tumor aid one 
. or more • metastases. • . '/. :; v 

An additiorial embodiment of the present invention is directed to 
combining any of the methods of the present inyehtibn with one or riibre 
additional cancer therapies including, but hot limited to bone marrow 
10 transplant, cord blood cell transplant, surgery, chemotherapy, radiation 

• therapy, arid : immunotherapy. ; W the ; : polynucleotide constmct or 
pharmaceutical compositi of the present invention can be administered prior 
^ ? he or inore of the additional cancer therapi^ 

during the practice of one or more of the additional cancer therapies, arid after 
:; 15 ; v 'y the end of one orniore; of the additi^ cancer therapies: : 

Xypes of. borie: ; iriairow transplant include, but are : hot; limited to 
autologous bone m from a donor) bbhe 

marrow transplant. 

Types of surgery include, but are not limited to surgery for breast 
20 cancer, prostate cancer, colon cancer, brain cancer, and head and neck caric|f. 

Chemotherapeutic ; agents include, : - but are not limited to alkylating 
agents, including mechlorethamine, cyclophosphamide, ifosfairiide, 
melphalan, chlorambucil, dicarbazine, streptazocirie, c^niustihe, loiriiistine, : • 
semiistine, chlorpzotocin, busulfan, ; : triethyleneinelamirie, thiotepa, ]: 
25 hexamethylmelamihe; antimetabolites, including methotrexate; pyrimidine 

analpgs, including^ : fl 5-fluorburatil, iflpxiifidirie (5'-fluoro-2'- 

: ;depxyun<iine), idpxuridine, ■ cy^ 5- 
. ^a^ aciviein; 

-thioiguanihe, m^rc^ptopuniie, izk 
3Q ; pehtostatin, Ver^Brohydro virica -alkMoids ■ ' i including 

vincristine ^ a hd 
teriippside; antibioti including dactihomyciri^ d^ doxorubicin, 
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blebmycin sulfate, plicamycin, mitomycin; enzymes, - including L- 
asparaginase; platinum coordination complexes, including cisplatih, 
carboplatin; hydroxyurea, procarbazine, mitotane; and hormones or related 
agents, including adrenocortieos^oids such as prednisone prednisolone; 
..: : aniinoglutethimide; : ;pr 

medroxyprogesterone acetate, megesterol acetate, estrogens and iaridrogens 
such • as diethylstilbestrol, fl uoxymesterpne, ethynyl estradiol, antiestrogens 
such as tamoxifen, and gonadotropin-releasing hormone analogs such as 
leuprolide; 

The present invention also provides: kits for use in treating cancer 
comprising an administration means and a coritaiher means containing one or 
more; cytbkine-exp constructs ini a sterile environment. 

Also provided are kits for use in treating cancer comprising an administration 
means and a container means containing one or more cytokine-expressing 
15 polynucleotide constructs and one or more cationic compounds in a sterile 

environment. Examples of cationic compounds are described above. The 
cytokine-expressing! polynucleotide constructs and the cationic compounds 
may be in the same container means or in separate container means. 
Preferably, the polynucleotide construct is in the amount of 1 ng to 20 mg. 
20 Cotainer means include glass containers, plastic containers, or strips of 

plastic or paper. In one embodiment, the container means is a syringe and the : 
administration means is a plunger. In another embodimem, the administration 
. means is a catheter. • 

The cytokine encoded by the polynucleotide construct of the; kit of the 
25 present invention can be an IFNco and one or more additional cytokines, 

including any of the cytokines described herein. Preferably, the cytokine is 
IFNco and/or an EFNa. The construct can be in the form of a pharmaceutical 
composition and can contain a pharmaceutically acceptable carrier. 
Pharmaceutical corripositiohs are described ' above; : : The kit can iurther 
?° QP^ 

: :;The kit can further comprise an inst^cti on sheet for administration of 
; the; ; eomppsiti into a mammal. The components of • the i polyriuclTOtide 
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/ ■ a solution, or an emulsion; or in lypholize^ take: 
If thei-polynuclebtid construct is ; prpyided in lypholized form, preferably the 
kit further co^ containing a suitable veh as : 

: ; 5 sterile pyrogeh-free water, for recdnstito 

construct, or any buffer described herein, including PBS, : normal:; saline, Tris 
■ ■ buffer, ^d sodium phosphide; v 

The term " cytqki he' 1 refers to polypejptides; including but not limited to 
' interleiikins 

•10 IL^-11, IL- 12, It- 13, 4, IL- 1 5/ IL- 1 6, IL-1 7, and #18);: a interferons (e.g, ; 

(IFTsIcb), t interferons (IFNt), colony -stimulating factors (CSFs, ^:g.;- CSF- 1 , 
CSF-2, and GSF-3), granulocyte-macrophage colony stimulating factor 
(GMCSF), epidermal growth factor (EGF); fibrdbl ast growth factors (FGFs, .''i 
: \f^g, acidic fibroblast growth factor, basic fibrobljast growth; factor, FGF-1, ■ 

: : V '^:;--;l^:FG^ '-'-transfcriri^^ 

r ; factors (TNFs, e.g., TNF-d and TT>JF-P), an^ insulin-li 
: ; e.g, IG^ 

20 : A "polypeptide" : refers to any translation product of a polynucleotide, . 

regardless of the size of the translation product, and regardless of whether the 
translation product is postrtranslatibhall^ 

The polynucleotide construct pf;^ 
complexed with cationic vehicle or 
; route of adrhihistratioh, including - intramusc^ 

intravenously, transdermally, intranasally, by : inhalation, 6r ^ansmucosally 

pf the present invention can by admin 
• /intramuscularly, into or near a tumor, into a cavity intraperitbneally), ;; 
30 ■ subcutaneously, iritraveriousiy, transdermally,-; intranasally^by irihal£rtion, ■■br : 

■ tra^mucps^ membrane). 'y^^^f''- 
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;.■■"'■■=;■";" Any mode of administration can be used so long as the mode results in 
the expression of one or^^ m^ an amount sufficient to decrease 

the tumprigenicity iof the ; capcer bearing mammal; this :: includets: needle 
: : injection, catheter infusion, bidHstic: inj ectors, particle accelerators , "gene 
: 5 guns");:; pneumatic (e;g., MeiMlet^ 

.■! gelfoam: sponge depbtsi other commercially depof materials, osmotic 

pumps (e.g ; Mza ihiriipumps), brail or : •suppositorial solid (tablet or pill) : 
pharmaceutical formulations, and decanting or topical applications during 
i surgery. Prefeired methods include 
;l i\9 ; i; : A "polynucleotide 

• geneitic information for encoding one ; or ; i more^ mojbcules^ i preferably; 
: ;c^ delivered itpj the cells in vivo can take 

; any number of forms. It can contain the entire sequence or only a functionally 
active fragment of a cytokine gene, 
? 5 : the polynucleotide construct comprises at least one polynucleotide ': 

(eg-> DNA, RNAi ■ nbpzyrhe; phosphorothioate, or other ihodified riiicleic 
acid) encoding brie or more molecules; Preferred : molecules are ; 
The polynucleotide can be provided in lirie^ circular (e:g. plasriiid), or 
branched form; and dbuble-strahded or/ sirigle-^randed^; ; the 
20 polynucleotide can involve a conventional phosphodiester Bond; or a ; nbn- 

: • conventional bond an amide bond :as in peptide nucleic acid (P>M)>; ) 

The; dibice of polynucleotide encoding a c^pkihe w 
[;■.■ Wnetics and; duration of expression; ; When long;; term (delivery 1 !of the 
polynucleotide construct is desired, the preferred ; polynucleotide is; DNA. 
25 Alternatively, when short term {delivery is desired, the • prefeired 

polynucleotide is mRNA. RN A will be rapidly translated into polypeptide, 
but will be degraded by the target cell more quickly -than DNA; In general, 
because of tlie^ greater resistance of circuit 

circular D^A molecules ^yill persist longer than linear pp^^ ; 
: 3 ^; ■ : • "--^i^"- will be less likely to cause inseftib mutatibni by integrating ihtp ithe 
target genome. • •■../ 
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In one embodiment, ^ 
cytoidhfes ^ 

Methods for introducing RN A sequences into mammalian cells is described in 

■ 5 for administering RN^ to introduce RNA into mammalian cells: 

Methods : for the in \ vivo introduction of alphaviral vectors to mammalian 

tissues^ 

822 (1997); Prefe^ one or more 

: : c^okines i s DN A. ; In a DNA construct; a prompter is prefer 
10 : : ; link encoding a ic^okine: Theipmmoter may be a celi- 

^ specific promoter that directs sufes^ dfUhe DNA Only in 

: iipredetermined cetlls :• - Other trah 
can be included in : t^ 
■ :• :■ 'transcription- of the E^A/ VX:--- 
; 15 An operable lihka^ which a polynucleotide sequence 

encoding a ic^okine is sequencei irii such a 

; ; way as to place expression; of the cytokine sequence under the influence or 

control of the re^ktory sequence(s) Two DNA^ as a coding 

sequence and a promoter region sequence linked to the 5' end of the coding 
20 sequence) are operably linked if induction d 

transcript 
' • : the linkage b 

v i introduction of a ifra^ mutation, = (2 j> interfere with the abil ity of the 
expression regul^ to direct the expression of the polypeptide, 

■ 25 antisehse RNA, or (3) interfere with the : ability of the DNA template to be 

traitscribed. Thus,; ;a promoter region would be operably linked to a DNA 
sequence if the prompter was capable of affecting transcription of that DNA 
sequence. : " 

Preferably, the polynucleotide Vcoristruc^ circular or liniearized 
3Q plasmid: containing nbn^infec^puS:;nucleotide sequence; A linearized plasmid 

is a plasmid that wa^ 
: -My digestion wto The polynucleotide sequence 
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encoding a c^okine may compri se a sequence whi eh directs the secretion of 
. the polypeptide. 

; : ''Non-infectious" means that the pd construct does riot 

■ infect mammalian cells. Thus, the polynucleotide construct can contain 
5 fuftetion^ or bacterial) species, 

but the construct does riot contain nori^niamriialian nucl eotide sequences that 



; : ''Noh-integrating" means that the poiyriuclbotide coristmct does hdt 
integrate into the genome of mammalian cells. The construct can be a non- 
10 replicating DN^ i: sequence, ; or -specific rr^ 

engineered to lack the : ability to integrate into; the genome. The polynucleotide } 
: construct does not contain functional sequence of 
: the cytokine-encoding polynucleotide sequence into the; genome of 
m^mmalimc^ 

15 The polynucleotide construct is assembled -but of components: where 

different selectable genes, origins,; promoter untranslated (UT) 

■ sequence, terminators^ polyadenyiatibn signals, 3' UT sequence, and leader 
: ; pepticles, etc- are put together to make the desired vector. The precise nature 
ofthe regul atory regions needed for ; gene expre ssi on ; can v^y between species 
?° or cell types, but shall in general include, as; necessary^ 5 ' ripn^trawscribing and ; 

5' non-translating; (non-wding) sequences involved with initiation; 
tibn and translation respectively^ kich as the TATA box, capping sequence, 
GAAT sequence, and the like, with those elements^ n^^ 

sequence being : provided by the promoters of the- invention. ;;i::Such' : ' 
25 transcriptional control sequences can also ihclud e enhancer sequences or 

upstream activator sequences, as desire^^^ 

The polynucleotide construct can be an expression vector. A typical 

: niammalian expression vector contains ithe promoter element, w^ 

^he : initiation of transcription of mRNA, the polypeptide coding sequence^: and : 
30 signals required ^ of transcription and jpbiyadehylatipri 

!^^scripti: i Add itibrial : el emehts ihclu de enhancers, Kpzak sequences arid 

: :irit(^eriiri^ 
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Highly efficient transcription: can be vacHieveid : Vfit^ early : atiici late 
; ; iprp 
e;g. - RSVf I# 

cytomegalovirus (Gl^ IEP) . However, cellular elements^ 
5 (e.^., the human actih promote^ 

iEP|:is prefei*e vectbrs for use in practicing the present- 

invention ihcludei for exampl e, vectors such as P S VL and PMSiS (P Wmacia; 

■ ; j >' ; : ^ 

:;pBCl2^ San 
10 Diego, C A); All fo^ replicating or non-replicating, which 

do not become; integrated into the; genome are expressible, are 

within the methods contemplated iby == the: i iwerition, 

:'. : The ;ve ctor containing the DN A sequence; (or the correspond ihg :RlsIA 
sequence) whi ch cam be used in ; accordance with the ; invention can - be a 
15 eukaryotic expression vector; %chnique^ for obtaining expression of 

exogenous DN A or I^A iseqiiehces in a host are known; See, for example, 

Secretion of a cytokine from a cell can be facilitated by a leader or 
secretory: signal sequence; In a preferred embodiment, either the native leader 
20 sequence of a cytokine is that sequence that 

retains the ability to direct ^ 

to it. Alternatively, a heterologous mammalian leader sequence, or a 
functional derivative thereof, may be used ; For example, the i w^ 
sequence may be substituted with the leader sequence of human tissue 
25' . plasminogen activator or ^ 

For the methods of the present invention, a single polynucleotide 
constnja containing 
more molecules, or m^ 
• polynucleotide; sequence^ co-inj ected : 

30 /; O ; 

I ■ containing ': qne^ encoding an : iiiteiferori :/ and - another 

; polyrtucl eotide : : encoding an additional: cytokine lor anfi i jpriunonipd^l^iy 
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/ molecule, /.e:, : MHG class • il :> antigen, tumor aritigeri^ ; and cb^stimuiatdiry 
molecule, caivite 

injected where one encodes a cytokine to enhance anti-tumor efficacy of the 
other gene product; iFbr ^ 
: 5 : polynucleotide; construct can be co-injected with a polynucleotide construct 

encoding a different cytokine; 
; : G-CSF :i or G expressing rp.lasmi'dv: 

iMernatiyelyi on 

plasmid(s) could be administered subsequently a^ 
10 ; Cpmbination -of the present in vention with th^ 

lymphokine-actiyated killer cells (LAK) arid tumor-infifeatm 
(TIL) is al so envisioned , 

It will be recognized in the art that some amino acid sequences of the 
; polypeptides described herein can be varied without significant effect pri the 
15 functional activity of the polypeptides. If such differences ; : in sequence ; are 

;|eontemp^ 
: ■ ; ; polypeptide which x detent 

insertions, inversions, repeats, and type substitutions . Guidance : concerning 
which amino acid ichanges are ^U^ be found 

20 in Bowie, J.U.; ei :a/, : deciphering the Message m 

Tolerance to Amino Acid Substitutions, ^ Science 247yU06A2\Q (1990)). 
Compositions within the s^op^ assayed according to 

the antiproliferatibn assay described herein. • Arriihb ac 
cytokine; activity can also be determined -by structural analysis such as 
25 crystallization, nuclear magnetic resonance Or iphotdaffinity lab^ 

: al t J. Mol Biol?224:S99-904 (1992) and de Vos- et aL -Scimce 255;306-312 • 



: ;The: present invention further relates to using 
; encoding ipqlyh 

30 cytokine. Variants may occur naturally, such : as a natxiral^ vmant. By an 

■■^/;SV^ : ; : - "allelic variant 1 ' is intend^ alternate forms of ia gene occupying 

.1: ;agiven locus onac^ 



Wiley & Sons,: New York (1 985). Nbh-naturally: occurring variants may be 
produced using ^ mutagenesis techniques. • 

: v ^ produce conservative or 

non-conserv^ or additions^ Especially 

preferred among these are silent substitutions, additions arid deletions, which 
: do not alter the properties and •= activiti es of the cytokine c>r portions therebf 

i Also especially: preferred iri this regard are \ consieryati ve ■ -substitutions . For 
; ; example, aromatic amino acid s that can be conservatively substituted for one 

another ihclu tiyptdphan, and tyrosine. Hydrophobic amino 

acids that eari be conservatively substituted for ; 6ne; a^ include -leuciiie; 
; ispleucine, and valine. Polar amino acids that can be conservatively 
' substituted for o include glutSmih Basic amino 

acids that can be ^nservatiyely sU 
• lysine, and histidine : Acidic amino ; acids that can be conservatively 

substituted for one another include aspartic acid and g Small 
: amino acids that can be": \ ^nseryatiyely substituted; ;fo another include 

alanine, seririef threoninej methionine, and glycine • 
Substitutions, deletions, or insertions can be^m^^ 

encoding the shortest active fragment of the cytokine, without affecting the 

activity of the Cytd 

biological activity that is similar to that iof the naturally occurririgprptein; For 
example, dayle aji^ (A Biol. Chem. 268: 22105-221 1 1 (1993)) 

conducted ah extensive mutational analysis of ■ the human c^dkirtie : D>1 a. 
They u sed random mutagenesis to generate i ; over 3 ,500 individual ';.IL^I'ct-.- 
mutants with an average of 2 .5 amino acid .; changes per mutem over the entire > 
length of the m^ were examined at every possible 

amino acid and, on; average, each mutein's amino acid sequence was 9 8.4% 
identical ;fo that-of naturally occum IL-1 a Tlie iriyestigatbrs observed that 
most of the molecule could b^ 

biological activity, and that 75% 6f the molecule may not contribute 
■significantly to' ^ 
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Similarly, Grorieribqrn =! and colleagues (FEBS Letters 23 J: ; • 135^138 : : 
(1988)) analyzed the receptor - binding activity: : of - ;:six : ; ;;hiutaht ; ; ;;Efi^ 1 '"; 
: ; polypeptides^ 

• '. naturally Occurring IL-la polyp eptii^^ was; examined iii^ sets of ■ 

difference between; ^ ■ 

:.' . occurring ILtIcx; j : . ^\S^yy ] : i : \y :;'/''/■ V ' ' ■■"■'}] , : / y '■:}''<.' } y ';y ' 

Further • Zuravvski arid coll^^ J 72: 51 13-51 19 (1993)) : 

studied residues 4 1-142 of n^I^2 by generating 1,^ The extent of \ 



_ :--: : ;!:'iP:- .. > y the mutagenesis"^ an average of 1:1 diff^erit am acid 

t; substitutiorisiper naturally occurring aMi thd excfeptiori of 

the 

; :. issaypd for specific activity and compared : to that of na^^ 
" ■ ;?.• Thed^ which the specific actiyity was antagonized by a previously 

fyy^y 45' characterized ;ml^ also assessed; : The observed 

: that: iri the 1 49 residue niIL-2 protein, only 23 residues 

interaction with ILr2R, 18 residues are presumedito be part of i^he structural 



.:, core, : and three ; additional residues are important for structure. : 98 : mIL-2 . 
i :ife^ as relatively :um 

■Jy '. ■. : -V;2Q • ". residuies. . ...... ■ '•' ;\y \ ''-^ ": ' : ' ■ ■ : : : :y - . yy : 

the polynucleotide and amino acid sequences encoding an IFNo 
include the sequences for; the cpmpl^^ 

and Capon, ^ Haupi^a^ R 

25 ; -: i;v: : ;i and P. Swetly; NucL Acids Res. 13: 4739-4749 (1985); Adolf; ^^^LaL } 
Biochw etalyj-lni^ Res. 

13 3U-322 (199^ y&^h... 

Hughes, A^^ 

■ ■; Prog. NucLjAa^ Biol j 5^:287-325,; :i^ ■■■ Vr 

■ 30 , ; V' Academic Press •( 1997);: : , ' v • .' 
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The polynucleotide arid a acid sequences ^ include 
the: sequences for the cp 

4,897,471; 4,973,479; 4,975^276; and i 5 in Pestka^ ^Methods 

■ ■ ' 5; ; ' ■ " Erizyniok 779: AiL;;H!^^ (1 995); . 

• ^ ^ ei dl. t Prog. ■ Met Acid Res. Molec^BidViS ./ 
. : edited by ^ 

The : polynu^ Md amino jiacid- sequences .encoding an EL-2 

iiiclude the sequences for an set forth; • ; ' 

■ 10 . ; ' in LUpker, j; et al.^ Maeda ^ 

;: : 7/7: 11^ 1 21 v; (1^83)^^ Taniguchi ,et?al.-^ :/•/:' 

: ■ (1^83), Devos : <?* aA, 

X : ^ Prod. Natl- A cad; Scl USA 50:74347^1 |l ?y#iE^fe' ^ ■ 

Tte///;; ^ USA K 

The polynucleotide sequences encoding IL- 
■ : 2 also include sequences ^ 

n^^ i^os. 7, 9 ^d 13, respectively, and 

';;:::);i : ^:,.-.-';.::^0 ; the mature : polypeptides ^ 

Nps 7, 9 and 13 • respectively. 
further includes the;: sequel 

encoded by the nucl eotide sequence set forth in SE0 ID No. 25; shown as ■■■■^^■r^'^A 

. ' : . SEQ n)N6. 26 .- . \ • . ... ; ;\V : '^V^v 

; : :-.H : ;25 : ThiiSj a polynucl eotide sequence encod a polypeptide of the p^ 

: irivehtidn can : e 
substitutions, deletions or insertions, bither from natural rnut^ or hum 
".';[ Manipulation, ;relart^ 

■ Preferably^ no more than one:^ to 
;v : ; ; ;;''V/- : . v ; :; :3b _ _ : are present, relative to the ; fill 1 1 engtti -or mature IFNa, gflB^^ : 

:(excluding : the signal sequence).: Mdrie preferably; ho ■ more ;;than : : onei 
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substitutions, deletions or insertions are present. Sti preferably^ .hoj 

morethah one to five substitutions, deletions or insertions are present. 

'.y^Dete^ effective amount of substance to be delivered can 

. depend upon a numb er of factors including^ the chemical 

5 ■■ ". structure and biological activity of the sub stance^ the age arid;:: weight; ; of they 

mammal, the precise condition requiring treatment and its severity, and the 
: route of administration. The precise amount, number of doses, and timing of 
: doses will be; detem by the attending physician or veterinarian. 

: i If the ; polynucleotide construct of the present invention is administered 
• 10 as a pharmaceutical composition, the pharmaceutical composition can be 

'■■.>': formulated according to known ; methods for preparing r pharmaceutical 
|; iy: c^ with a 

pharmaceutically acceptable carrier vehicle. Suitable vehicles and their 
preparation are described, for example, in Remington's Pharmaceutical 
15 Sciences, 1 6^ Edition, A, Osol, Ed , Mack Publishing Co., Easton, PA (1 980), 

and Remington's Pharmaceutical Sciences, 19 th Edition, AR; Genriaro, Ed ,/ 
Mack Publishing Co., Easton, PA (1995). V; 

The pharmaceutical composition can be in the form of ah emulsion, 
gel, solution, suspension, or other form known in the art. Optionally, it can : 
20 contain one or more lipids as described above J In addition, the pharmaceuticai 

composition can also contain pharmaceuticaily acceptable additives including, 
for example, diluents, binders, stabilizers, and preservatives. Administration of 
pharmaceutically ;abcepta^ 
preferred. Such salts can be prepared from^p^ 
25 toxic bases including organic baseis and inorganic bases. Skits derived from 

inorganic bases include sodium, potassium, lithium, ammonium, calcium, 
magnesium,; arid the like Salts derived from pharmaceutically acceptable 
;-v^;:;brgah^ and tertiary 

amines, basic amino acids, arid the like: • 
30 For aqueous pharmaceutical compositions used i : ^ 

pyrogen-free water is preferred. Such contain;^ 
; , ; ^ouht o^ 
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•" : v -46- . ■:'-v'". : : . ■ 

prepare pharmaceutically acceptable compositions suitable for administration 
to a human or animal. 

; composition xan be in V solution form, or 
alternatively, in lyophilized form for reconstitution witti : a suitable vehicle; 
5 such as sterile, pyrogfen-free water. Both liquid and lyophili^di form 

comprise one or more agents, preferably buffers, in amounts necessary to 
suitably adjust the pH of the injected solution. '>/' 

The container in which the pharmaceutical formulation is packageci 
• prior to use can comprise a hermetically sealed container enclosing an amount 
10 ; of the lyophilized formulation or a solution containing the formulation suitable 

for 

The pharmaceutical formulation is packaged in a sterile container, and the 
V hermetically sealed container is designed to preserve sterility of the 
pharmaceutical formulation until use. Optionally, the container can be 
15 associated with administration means and or instruction for use. 

Having now generally described the invention, the same will become 
more readily understood by reference to the following specific examples 
which are included herein for purp o ses of illu stration only and are • not 
intended to be limiting unless otherwise specified. 
20 Described herein are: ;l);the in vitro characterization of biological 

: activities of and IFNs delivered by plasmid DNA (anti-proliferative activity 
■ - and 

vivo ■■ administration of cytpkihe-expressing pDN^ and 3) the //i vivo 
characterization of antiftumbf activity of cytokines in murine models o 
25 and metastatic tumors following intratumoral • intramuscular of intra^cavity 

administration of cytokine-encoding pDNA. 

The cytokine-encoding polynucleotide constructs have potent anti- 
proliferative activity in vitro, M 

HvNco, IFNa, IL-2, and IL-12 are herein demonstrated in multiple murine 
30 ; tumor modds including nude mice bearing 

immunocompetent mice bearing murine solid and metastatic tum^^^ 
Intraturiibral, ; i or intr^^tcfce^ iiy ection; • the cytokine- 
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encoding plasmids is shown ; to: result in a: statistically; isighifiiant slowing of 
tunpr growth arid/or a In addition 

to the potent antitumor effects; oH the : c^olan^^ delivered via 

■intratumorai or intramuscui^ 

of anti-tumor activity for human interferon?a). Ntereoyer, the in vivo: 
; antitumor: activity of }IL-2 ; in the ; fre^tritent -j M^p^kor^ie^ disseminateci 
cancers, such as ovarian metastatic melanoma is also demonstrated. ■ 

Construction 0 Expression Vectors j: 



Three basic euk^^ 
and VR1033 were used in the const mction of all plasmids used in the 
15 following examples. The blank plasmids, VR1012 and VR1055 diffe only in: 

transcriptibrial termination^^ s 
• " derived fitiih the; beta-lactamase (ampicillih resistance) gene 

replaced by the amihpglycbMde acetyl 
frpm pET9a (N 
• 20 : expression from a cassette : containing thie^; ^ 

early I (GNW IE) gene promotei/enharicer, CMV IE 5' untranslated (UT) 
sequent^ -EoHowingit^ 
; : poly linker for insertion of polypeptide 
; ;pdlyiinker: in:\^ 

::25 : - .-;•: gene : fori poly adeny latibn : arid transcriptibriai; tCTmiiriation ; i In VR1 05 5 , the 
transcriptional terminator region includes a polyadenylation and termination 
signals derived from the rabbit b-globiri gene. VR1033 is identical to VR1012, 
except that it contains a cap-independent translation^^ from the 

; encephalomyoparditiis virus within the clonings p^ 
3Q ; -sequence aHows tte>pi;6 

; . ;^pressed:;;m^ A : ? • 

H 01 (murine interferon a (rrilFTSfa)) vyas cohs^cted by^ 

the vector: VR1 01 2 \yj^qtf^t-.i 
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cDI^JA was obtained by amplifying the coding^ the plasmid 

RSV-"1 (Kelly, KA and P .M. Piiha^NucL Acids Res, 805 --823 (1985); 
Kelly, K A. an4;P^;i Pitha, McL Acids Res: 1 3:\ 825-839 (1985)), which yvas 
provided by Plasmid 
5 VR4 1 1 1 was constnirt ed by transferring the coding sequences from V R4 10 1 

to the VR1055 cloning vector. The oligonucleotide primers used^ fo^ 
polymerase chain reaction (PCR) . >' : were'.: :v:' j: ' ;: '; ; 5'r' 

: G^d-AtCT^ 16),^ 
JO ; .. . conditions were 30 - cycles of . 94°G: for 1 minute (denaturing), ; 5 8°C for 2 

minutes ^ 72°C for 1 minute ; 

Plasmid VR4 102 (human interferon a ( was constnacted ; by 

cloning the human interferon a cDNA into the VR1 0 1 2 vector. The cDNA 
was obtained by amplifying the coding sequence from human genomic DNA 
15 prep^ed -from a fresh blood sample; Plasmid W41 12 was •constructed by 

;;; t^ :the coding sequence sequences from y^!02 ;to tfe 

cloning vector. Genomic DNA wis isolated using the QIAanip Blood Kit 
(Qiagen, Inc.). The oligonucleotide primers used for PGR were 5- 
AAGTGC AG ATGGCCTC-GCCCTTTGCT-3 ' } ^SE(f%,- No. 17) and 5'- 
20 CGGGATOT^ 

conditions were 30 cycles .: of 94PC ?;lot 1 minute (denaturing); 58°C for - 2 
mihutesi(a^ 

Plasmid VR4 150 (human interferon 0 by 
cloning the human EFNco cDNA into; the VR 1 0 1 2 cloning vector . The cDNA 
25 was obtained by amplifying the coding sequence from human genomic DNA 

prepared? from a fresh blood sample. Plasinid VR4151 (SE^ffi 
constructed by trarisfeiTihg the coding se^uen^s from VR4150 "to the 
A^l 055; cloning ^ : The oligonucleotide printers used for P^ 
<^ (SEQ HD No; 1 9^aiii^ : -= 5 VC^<SG^ 

XtCGTGAAGATfeAGGC ID No, 20);; Reaction 

conditions Ayere 3d; : ::c^ 1 
minutes (ann^Jing)^^ 72°G for 1 niin^ 



30 
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'rV-:'\'~'' y ■ ■ -49- ; , . .-■ '-;\y : \y^\y'y V" 

Plasrriid Wll lO (murine iriterleukin-2 (mIL-2)) was constructed by 
cloning modified murine IL-2 cDNA into the VR1012 vector. The 5* UT 
sequence and the % 

rat insulin II gen^ :5* UT sequence arid coding region of the first six amino : : 
; 5 acids of the rat pre^ cloned 

into the BamHI site of VR1012. 

Plasmid VRJ103 (human interleukin-2 (hIL-2)) is identical to VR1110 
with the exception that the murine IL-2 cDN A was replaced with the cDNA 
: for (Parker et. al. 1996); 

■10 ; ; Plasmid VR4001 (murine interleukiri-12 (mIL-12)) was constructed by 

• cloning the cDN A ' s encoding the two murine subunits p 35 and p40 into the 
VFil 03 j vector^ obtained by amplifying the : coding ''F^^'y 

sequences from piasriiids provided by Dr. Thomas Gajewski of THe Uriiversity 
of Chicago (J: Immun., 1 54:5637; J. Immun , 1 56: 1 095) The oligonucleotides 
15 used for PCR of p35 were 5'- CAT ^jfee ATG GGT CAA TCA CGC TAC 

CTC CTC TTT TTG G-3' (SEQ ID No 23) and 5'- GCG GAT CCT CAG 
V'-GCG-'GAGCTC AGA TAG CGC-3' (SEQ ID No, 24)^ The oligonucleotides 
used for PCR of p40 were 5'- ACG CGT CGA CAT GTG TCC TCA GAA 
GGT AAC CAT CTC-3' (SEQ ID No. 21) ; and 5'- GCG GAT CCC TAG 
iO GAT CGG ACC CTG CAG GiJ/ACJ• : .'C-3 , (SEQ ID No. 22). Reaction 

^conditions were 30 cycles of 94 9 C for 1 minute (denaturing), 58°C for 2 
minute^ for 1 minute (extension). 

. ■ ■ : Plasmi & s- ; .^Vi^l^ • •••• 

luciferase gene into th^^ 
• ;' : ;;;'./V:'-. ; '25 7:1205-1217, 1996)/ The source of the cytoplasmic luciferase gene found in 

VR1223 was the plasmid termed pSP-luc+ which was purchased from 
Promega. An Ayr II - Xba 1 restriction fragment encoding the luciferase 
cDNA was transferred ^ VR1223 . 

Plasmid yR1412i ((}-gaiactpsidase) was construded -by cloning 
30 cytoplasmic p-gal gene into the Vkl 012 vector (Doh et al., Gene Ther. :: 

y : y-:,fy . ^;64 Vg-:. %f^;it'.U;^ : : ' ^^fi^yi ' ; -y 'M^W-^^lS: 
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"■'-50- ' 

Plasmid VR1332 was constructed by inserting z Sall-Bamm fragment :, 
encoding chloramphenicol acetyl^ pBS-CAT (Promega) 

into &z/I/fiawHI-cut VR1012 vector (Hartikka e/ al, Hum Gerie^ TherJ 
1 7^1255-1217 (19^6)): ' 

Example 2 

Purification of pDNA 

pDNA was transformed into Escherichia coli DH lOB-cbriipetent cells / 
and grown in Terrific Broth (Sambrook, J; et al., in - Molecular Cloning: A 
laboratory mdMal, Cold Spring Harbor Laboratory Press,: Cold: Spring 
Harbor, NY, p: /A;2: (1989)) complemented wth 50 |tg/ml kanamyciri iii a 1 
Liter shaker flask. Cells were harvested by cehtrifiigation at the end of the 
exponential growth phase (approximately 16 hr), typically yielding 10 grams 
of biomass net weight per liter Covalently closed circular pDNA was isolated 
by a modified lysis procedure (Horn, N. A et al, Human Gene Therapy 6: 
565-573 (1995)) followed by standard double CsCl-ethidium bromide gradient 
ultracentrifiigation with an average yield of approximately 5 mg per liter. 
Plasmids were ethanol precipitated arid resolubilized in saline at 4°C and 
dialyzed against saline. Endotoxin content was determined by the Limulus 
Amebocyte Lysate assay (Associates of Cape Cod; Inc., Falmouth, MA)! All 
plasmid preparations were free of detectable RNA. Endotoxin levels were less 
th^ -O; 6 Endotoxin ^nit^}^ of 
A260/A280 ratios were between 1 .75 and ^-0r\ ' 
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. Example 3 - 
Jh Vifra Evaluation of JBiological Actoity tyl and IFNd 

5 { : Td\ assure that the interferon plasmid DNA used iri\ tlie following 

■ examples encoded bioldg^ active interferon; cell proliferation and 
antiviral assays were performed . All culture medium used in this and 
following examples was obtained from Life Technologies (Gaithersburg, 
MD), and all serum was obtained from HyClbne (Logan, Utah). 

i: 10 UM449 cells (American Type Culture Collection, /Rockville, MD) 

were plated at a concentration of 2 x 1 0 5 cells per well in a 6 well plate and 
incubated for 24 hours. Plasmid DNA and the lipid, DMRtE/DOPE ( 1 : 1) were 
each diluted to a concentration of 1 mg in 0.5 ml Optimem medium (Life 
Technologies, Gaithersburg, ^ The lipid DMRIE/DOPE consists of the 

15 cationic li£|d (±)-^ 

propanaminium bromide (DMRIE) and the neutral lipid 
dioleoylphosphatidylethanolamine (DOPE) at a 1:1 mohrnol ratio (Feigner et 
al.> J. Biol. Chem ■269:2550-256), 1994) DMRIE/DOPE has been shown to 
,; be effective for both in vitro (Feigner et al., J Biol: Chem: 2^9:2550-256 1, 

20 1994) and in vivo transfection (Stopeck et ial., J. Clin. Oncol 15:341-349, 

1997 and Rubin et al. Gene Ther. 4:4 1 9-425, 1997). The lipid mixture and 
the DNA mixture were then gently mixed; Medium was removed from the 
: cdls which were . rinsed gently \yith PBS, followed by addition of: the 
Dlv^: lipid mixture : (l mlAvell). Aft(^ incubating the cells i for 4-5 h at 37°Q 

25 one ml of Optim^^ 30% fetal calf serum (FCS) was added to each well: i; 

Following an overnight incubation at 37°C, one ml of Optimem with 10% FCS 
was added to each well. Tissue culture supernatants were collected 48 h after 
the start of the in vitro transfection. 

a. Antiproliferative a^ \[ 

■ ■v;Tpr:;ev^ and hence, anti-tuiK6r;^ of ' 

■■ _;I^©> and rFNa , supb^ from the! :a • 

V tra^fected with Ih6 interferon or control -plasmid DNA^ tested in a cell 
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prql iteration ^ assay of murine ; or human tumor cell lines (ATCC, 
Rocj^iHe,MD) l usihg the Bbetir ihger Marinlieim ; ^1 ndiatiapqlis , IN) Cell 
Proliferation Kit ill ;(XTT); : Murine or human tu mor cells were plated in 96 
well plates iat the desired concentration (cell ; coriceritratibri; varied with each 
: 5 cell line evaluated - for example, at a concentration of 5 x 10 3 cells/ml for 

: B16F10 cells an<i ;:5 x- ltf cells/nil ; for the C 
cells).- The : plate^ 

of tissue culture; su^ in vitro \ transfeeted w 

; : either ihterferon control pl^mi^ 

lb ; control for mlFNa plasmid DNA, mIFNa protein <^ 
■ \ Inc., Costa Mesa, £M) wais serially diluted 

hlFN plasmid DNA, ah interferon reference standard • (human leukocyte 
interferon, Sigma Chemical Co.; St. Louis, MO) was included in each assay; 
; : ^ollo\ying a. 24-72 ■ hour incubation , at 37°^;:; 50 jal of XTT/ECR substrate 
i;5. ; ; ;;;^ and 
the ; optical dens ity (OD); it 490 rim was de^mirie^; •: Incre^ing amounts of 
'. : ,V;'..;.v ; ; of cell proliferation ^^d/imrpAuciioh- in the- 

Op^; ; The percent reduction in cell proliferation due- to addition of the 
supbrnatarits was determined by the formula: 



20 



30 



1 OD^on of cells incubated With interferon plasmid DNA supernatarits x 100 

plasmid DN A : sup^natah^ 



As shown in Table 1, both human i interferons : displayed the 
>25 ,'/. ; characteristic potent ariti-prqiiferative activity against • a wide variety ^f 

; i hunian tumor - cell 1 ines , with the most sensitive line Being the W 
: oyariah ^ line and the least semitive ;bein^ Also, 
: the/Supernataiits from the mlFNa pDN A 1 1;l)-trarisffected UM449 cells 
inhibited the proliferation" ^ gift from 



.jDn/Suz^ Cloudman 
:: melanor^ 
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murine glioma 261 cell: lines (Division of Cancer Treatment Tumor 
Repository, National Cancer Institute, Frederick Cancer Research and 
Development Center, Frederick, ME>) by 40, 42 and 17%, respectively. 



Table 1. IFNoa (VR4150) and IFNa (VR4102) i« vitro biological assay: 
anti-proliferation 



% reduction in cell proliferation 
(compared to control plasmid DNA 
v ; supernatants) 



Cell line (tissue tvpel 

NIH-OVCAR3 (ovarian) 
SCC-4 (squamous) : 
ACHN (renal) 
A431 (epidermoid) 
SCC- 1 5 (squamous) ? 
U87MG (glioblastoma) j 
A3 75 (melanoma) 
PC3 (prostate) 
UMUC3 (bladder) 
A549 (lung) 
MCF7 (breast) 
SK-OV-3 (ovarian) 



Interferon co 

v 60 

'■: 36 

: 41 
24 
29 

■ : : : ■' 36 
24 

17 

18 : 
<10 



Interferon a 

43 
36 

19 

30 
21 
. 22 
6 
15 
18 

<10 



10 



15 



20 



b. Antiviral Activity 

An antiviral assky was performed to evaluate the ability of the 
supernatants from the interferon plasmid DNA-transfected cells to '■■ protect 
murine L929 cells or human A549 cells from infection by murine 
encephalomyocarditis (EMC) virus (Assay performed at ITT Institute, 
; Chicago, IL). In vitro transactions were performed as described above and 
supernatants were i collected from cells transfected with either VR4 1 5 1 
(hlFNT), VR4112 ; (hIFNa), V^4111; : (mIFNa) or VRl655 ;|cbnu*6l).; 
Antiviral activity of die supernatants was performed by lit Research 
Institute (Chicago,: IL): The antiviral assay evaluated the degree of 



,; : : WO 99/26663 ■ . • : PGT/US98^4830 

protection of Either human ; A549 or murine 

murine encephalomyocarditisi (EM cells 
were plated into 96-weli plates and incubated i for 24 h; Tissue culture ; 
supernatarits were serially diluted and added to the L929/; cells which were 
incubated for ^ removed from the ; wells , : ;: 

the cells were waste to each -well at a 

multiplicity-; of, M 
h foUow6d: by removal of supCT 

formalin and : ;s with; 1 % crystal violet. Samples with interferon 

activity protected the cells from virus infection;; resulting ih diarkly stained 
cell, monolayers;;!^ '-': : d> ■ 7^ '■■'^■■a- 

Supernatant? irom ^ VR4112, 
or VR41 1 1 had antiwal activity ;of 30,000, 3,000 .or 30 Units/ml, 
respectively, on; human A549 c^ 

therinu^ ;.; supernatants froni 0^441?; cells -transacted 1 

VR|l51 , VR^l ty^^in had antiviral activity of i0d^;w ; 
Units/ml , f especti vely (Table 2) showing species specificity ; ipf : tK£^ 
human cells andl mIFNs for mou^ :: v,'' 

Table 2 ; And viral Activk^ of interferon Plasmid DNA 



. : I nterferpn (Uni ts/ml) ; 


Pjasmid / j 


:'• :^-u'mi^\ : 'Gell::'l in^ > 


. ; Wurihe/cell line 


? VR4151 (hlFNa)) i 


? 30^000 


'■^■■^iAA ' 


VR4n2:(hIFNa) , 


3,000 


:: 1^000 


VR41 1 1 (mIFNa) ] 


; . . 30 


;3OjGO0 
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■ Example 4 

Sysiehtic Interferon Therapy; Intr^uscu^A^ministration 

^^^^^ ^ 

Ge:ll liiies qnd iu 

■: : were grown in RPM1- 1640 (GibboBR^^ 5% 

fetal bovine serum (FBS). Murine Cloudman S9l c^ 
; 10 : • ■ F- 1 0 medium with 25 mM Hepes, 0.1 mM, non-essential amino acids, 1 rin^ 
sodium pyniy^e- 0 ; 2.5% ; :FBS and 12^5% • horse 

sieirum; : Human melarib cells were grown in J(^}^^^^ ^\ti^\0%^ 

FBS/;.. ' : -^:0 y . : ; : V'\ 'W- ;■■ [:•■■.' ' ^ 

Murine glioma 26 1 tumor fragments and M5076 reticulum cell 
15 v sarcoma cells were obtained; from the Division of Cancer Treatment; Tumor 
Repository (National Cancer Institute, Frederick Cancer \ Re^arch X; and 
, Center, Frederick,: MD). The giidma -261 ^it^ 

■ }-g into the inguinal region of P57W6:Mct 

using a 1 3 g trocar (Popper Sons, Inc., New Hyde Park, NY). Tumors which 
20 grew in the mice were used to establish a tumorigenic cell line. Minced tumor 

fragments were placed in lscoye's tissue culture medium with 10% FSS. 
Glioma 26 1 tumor cells; began to attach to the flasks after several days, and the 
cells! were p^ 

•• : cells were grown as ascites in C57BL/6 ; mice ; and frozen; ini liquid nitrogen: 
25 :: ; Human ^31 cells were obtained from the- Amen^ 

and were grown in DMEM and 10% FBS. 

: C57BL/6, DBA/2, nude (nu/nu) arid ; beige-nude (bg/nu/xid) female 
mice between the ages of 6-8 weeks were obtained from Harlan Spragiie 
Dawley (San Di^ All: animal experiments in this ; and the! ^ 

30 example^ were conduct in accordance witK \^icai;s In^titu tional ^^imaU Care 

; and Use ; Go as well as; the standards set fqrth| iiif the National Research 

Council guidelines concerning animal care arid use! 

•: To establish ;su^ melanoma tumon^ 

;; P*. ' : -.nud&^ subciitan^piisly ;^ • 
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' B16F10 cells. : The Gloudman mielanbma model was established by 
subcutaneous injection of 10 V(Elpudman S91 cells on the flank of DB A/2 mice 

: arid tlie glioma 261 modbl was established by subcutaneous injection of 5 x 
TO 4 ; glioma 261 cells on the flank : of G57BL/6 mice. To establish human : 
epidermoid carcinomas, nude mice were inj ected subcutanepusiy on the flank 
with S x 10 3 A431 cells. 

to establish intradermal M liver metastases thereof, 

C57BL/6 mice were injected ^ cell 
sarcoma cells. In this model, ; primary intradermal tumors spontaneously 
metastasize to the liver. On day 29 after tumor cell injection^: mice were 
sacrificed, livers removed and fixed in 10% buffered formalin (F 
Scientific, Pittsburgh, PA), and the liver nodules were cbiihted^:^^^^::^^^^^r^^^^^<< 

To establish lung metastases of B16F 10 melanoma, C57BL/6 mice 
were injected intravenously with 2 x 10 4 B16F10 cells. On day 25 after tumor 
cell injection, the mice were sacrificed, lungs removed and fixed in 10% 
buffered formalin, and the lung nodules were counted. 

; To monitor the primary tumor growth, tumor sizes were determined 2- 

: 3 times per week by measuring with calipers (1 x w x h), and tumor volumes 
were determined using the formula: tumor volume (mm ) = 0.52 (1 x w x h). 

Tumor volume was analyzed using the Mann- Whitney U non- 
parametric Statistical Test to identify groups • haying significantly different 
mean weights. Mouse survival was analyzed using a Kaplan-Meier survival 
plot followed by a Logrank (Mantel-Cox) test to identify significant 
• differences in survival between groups. Differences were considered 
statistically significant when the p value was less than or equal to 0 05. 

Intramuscular injections 

Fifty to lOO jig of pksfnid 0 

rectus ;femoris im leg for a total 200 mg. 

•The muscle injections : were peiformed using a 300 ml sterile tuberculin 

■ i syringe fitted ! w^ collar cut 
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from a 200 ml jm 

needle from penetrating further into the rectus fempris ^ : 

Serufft leyels of interferon fo^^ injection of interferon 

y 5 i . . pldsmidDNA 

Sertni; sa^ 

•either VR41 1 1 (mlFNa : plasmid): or W1055; 0^ 

analyzed in i a (n = l 0) Fof3^ 96-well plates 

;;10 (Immuion 4HBX high binding p lates • from Dynex Technologies, Charitilly, 

VA) were : coiated with : rat anti-mouse D%qt m^ antibody (mAb) from 

Caita^ Gv4) at a cpncentratidn of 5 |ig/ml in 100 

mKl sodium carbonate buffer^ Plates iwere incubated • 

: with the cpating mA hours %4 9 C. Tlie filiates were 

'^.y [; times with aAvash buffer (p^ saline (PBS)) • pH 7:2 arid 0 05% 

^eenT20 :( Sigma, $t; Louis, MG)); : Jhe plates were blocked in PBS 
containing 3% bovine s^mrri albumin (BSX, Sigma): ^d; b 05% Tw^bn-20 
(400|il per well) and incubated for 24 hours at 4EC followed by washing three 
: ; times with wash buffer. \ 
y^yy"-. ; Serum samples (10 ]il) from mice injected intramuscular^ with 

: 0:05% T>yeen-20) aitd:^ ; 
'% : /- : :?^^ : . : ^?/ ^FN" : polypeptide (Biosource International, Camarilld, CA), 

which \yas serially diluted in assay buffer and 50 |il was 
25 control wells. The negative control was serum from mice injected 

intramuscularly with VR1055; After adding the test samples and controls, the 

p^ incubated for 16 hours at 4°C. Tlie plates were then washed 6 

times with wash buffer, followed by addition of ai:^ 

polyclonal antibody :(p 
M : PAb was add^ at a 

plates were incubated 
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Following -incito^ 

with wash buffer; followed --byi aci'ditibh of anti-sheep IgG conjugated with 
peroxidase (Sigma) at a; 1:5000 dilution in assay ' bufFeir : ::.(5.p . -pi"; -per , : weli)" - :, and ■■ 
incubated for 1 hour at room temperature. The ; plates were washed 6 times 
5 with- wash buffer: and : 206 jxl of 3 ; 3 'y5 , 5 -tetramethylbenzidine liquid substrate 

room Jtemperatu^ 

density of the wells: at ^5 0 nrriv A standard curve was generated 0 by plotting; 

• > : tHis -h^ 

jib ^ ; concentration of mlENa m 

linear portion of the mIFNa standard curve.; THe sensitivity of the mIFNa 
. .'• ELISA was 50:ng/ml. ; .. .. 

C57BL/6 mice injected: intramuscularly with VR41 1 1 had detectable 
; serum levels of mIFNcx after: 5 intramuscular; ^ 100 jLtg YR41 1 1; 

15 i ^ i (twice : a week for two w 
awqrag;e^ertmleve^b 
1 465 rig/ml (average :;6f 

mIFNa ELISA kit had ■ been developed: -Since sensitivity: of ^ t^ 
mIFNa ELISA is 50 lig/ml, lower serum levels of mIFNa could exist in the 
20 mice at eajrlier tiniepoihts, but we were unable to detect this in our ELISA. 

To determine the serum levels of hlFNco, G57BL/6 or nude mice 
; - received :a single intramuscular ; inj ejciipn of 1 00 ; ; 'jig/bf /-VR4 1 5 1 (hlFNco 
plasmid DNA) or^ 

in the rectui fem^ Serum s^ples were eolle 
25 peri^ C A) which 

was sensitive to: 2 pg/m 
day. In the C5f BL/6. mice, measurable se^ 

as early as one day after injection (69 pg/ml) (Figure 2A% In th^s^i irii cei peak 
serum levels wef e J found sixi day s after inj ection (254: pg/ml) and expression: 
30 : to 14(50p^|),^ 
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: - ii: In '; : made ; mice;*; serum 1 eyels of IEW iar : w^ early |ais brie day ; 

after injection (133 pg/ml). Peak senim levels were found on day 7 (648;! 

point of the study (FIG; 2B) v Thus^ interferon the serum 

after a singles intramuscular ihj ection of an interferpn-encbdirig plasmid E^A. 



emic interferon 



: As " shown in FIGs . 3 -5 and FIQ. 7 A, mice bearing different tumors 
10 .!• were found to significantly beri 

; cytokines; To -test the efficacy of 

subcutaneous BT6F10 melanoma, subcutaneous glioma 261, or intradermal: 
M5 076 tumors; ; or DBA/2 mice bearing subcutaneous Gl oudrrian ■■; melanoma i ; 
were injected; with 100 -|ig ekher of 4^1 1| (mIFNa) ori'lVR 1055 (cpntrpl)p 
15 twice; per week for three weeks;, beginning oh day;4;after tumor cell injection 

/ : ;(n^ three subcutaneous turn 

treated intramuscularly with VR4 11 1 had a significant reduction in; tumor 
:;:; volume (p<p . 05) ; (FIGs! 3 A, 3 C, -and- 3 E), and a significant ehliaricement of 
survival (p<0 : 02) • compared to the mice that received; the^ro 
20 (FIGs. 3B, 3D, and 3F) In the intradermial tumor modelj; mice 1 treated with 

; ; intraniu scul ar ■ 1 l|had a ; significant reduction 
(p<0.001) compared to ithe mice that received the: control plasmid:^ 
To compare the efficacy of 
;•:'•'; mice bearing subcutaneous B I 6F1 0 melanoma were inj ecte^ with ;1 00 jig of 
25 y \^ (mIFNa), VR4001 (mIL-12), VR1 1 10 (mIL-2^ 

(n =15-16 mice per group) twice 

intramuscular injections of VR4 1 1 1 had a signifib^t reductip in tumor 
• grp^th (p < 0, 0002) (FiG;;;4A) by day 17 as:well as: a;s^ 

30 VR4 1 1 1 -treated mice were: still ^ the VRldl2- 

.;• ; treated mice; Ktice treated wth;\^ imodestlred^ 
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jgrowth by day 17 an increase in survival 

compaiied to the ^1012-tre^ treated witfr ^ 

also: had a- modest ^ 

as; well as a significant increase in survival (p = 0. 02) (FIG. 4B) . By day 28; 
55% of the mice treated compared to 20% of the 

VRl012-treated m 

To test the efficacy of IFNcd, mice bearing Human A43 1 tumors 

: ;between?i;| ^ : 8Gi:;mm?;;. were : : inj beted intramuscularly : ; with -200 |ig of either 

: ip ; ; Mice bearing subcutaneous A43 1 tumors and injected intramuscularly with 

VR4151 had a significant;^ 

; a Significant increase in survival (p < 0:05 ), compared ••foiCthe: mice that 
received the control plasmid (FIG. 5B). 

vi.5:;: Systemic jhJFNq plasmid DNA treatment inhibits the growth jef tumor 

As shown in FIG. 6 and FIG. 7, mice bearing different tumor 
: ; ; metastases were found to: significant) 
20 IFNcx. C57BL/6 mice bearing lung metastases of B16F10 melanoma were 

injected intramuscularly with 1 00 jag of either ;YR4 11 ^ 
(control) twice per week for 
■ On day i5 after tumor cell injection, the mice were 

sacrificed, -Kings removed iand :&ed ; in ;/ 10%; buffered formal in (Fisher 
25 : =; = ■= ; ;: T Scientific, Pitt^ of lung nodules: ; 

While 70% of the control plasmid-tireated mice had ; lung nbdules that 
were too numerous to courit,v 80% of the- mice treated with ^ 
DNA had 10 or fewer nodules (FIG. 6); .. TNTG denotes lungs with ho 
that were top numerous^^to^ 
; 30 In ; the^ U 

M5076 murine reticulum; ;s^cp injected intramuscul^ 100 |tg 

of either VR4 
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; . day 4 after turrior cell ji^ectidh (h^i!0^13; r^ 
tumor cell injection, ; the mice were sacrificed, livers removed and fixed in 
•1Q% buffered formalin (Fisher S cfentifi c, Pittsburgh, PA) ; followed by 

.. counting b£ I iyer ; nodules. ; 
i: 5 While the control^ plasm 

tunibr : nodules i or had nodules that were too 

plasmid DNA-treMed mice ^ mean of 35 hepatic tumor nodules (FIG; 7^ 

- : . These results {demonstrate : that intramuscular- injection of i^Ndc 
plasmid DNA can effectively inhibit the growth of both primary and 
10 : ; , : metastatic lesions; - Thus, for patients with m intramuscular : 

!? : p&\ administration of therapeutic plasmid DNAs wpul^ %e- : . adyiahtagebus for: the 
treatment of undiagnosed or inaccessible metastatic lesions: : : 



15 



Regimen pptirmzdtion ofmlFNa therapy in the Bl 6F10 mel^m^model 



. A regimen-optimization studyiwas conducted to evaluate: the antitumor 
efficacy of fewer injections : and/pr a jo^er :db& of VR41 i i(mlFNa) in the : : 
y;v subcutaneous B16E10 with 
either ido : or 50 j^g of VR41 1 1 or W1055 over a 6 week period (n=10). Mice 
; 2 ? received intramuscular injections eithe once per week or once 

;: :: v every other week v All intramuscular inj ectipns began four days after the initial 
subcutaneous B16F10 tumor cell injection. Mice which ; received 
intramuscular injections of 1 00 ^g of VR4 1 11 at -afiy of the time cpu 
; significant reduction in tumor volume (p<0 ,065) gihd a significant j iricMse in 
25 ; survival (p=0.007) (FIGs.; 8A and 8B); The iriice; which rec lOO jig 

dose of VR4 111 once every other week for 6 weeks had a total of only three 
intramuscular i^ections with ^ 

receiving the 50 :(ig dose of :; VR41 1 1 revealed; a dose respoiis^ 
frequency of injection. : vAVhile mice^ 
30 ; : , . : twicie p#;^eek had a significant : reduction -ih^ ypjum^^ a , 

significant^ 
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Wjeek did - not ; l^ave ; a significant: toitumor response for ti^ or 
• - survival (FI^s!8e arid 8D)/ ■ 

Mechanism of ^ 

To investigate d mediating 
the antitumor Effect bfes^^ VR1055 
was! administered: iintramuscularly to nude mi ce (wh i ch are T eel 1 deficient) 
and to beige-iiude mice (which are ancl : T ; cell deficient) bearing ; 

10 subcutaneous S16F10 melanoma tu 

10^ B16F10 cells; 50 jxg of plasmid DNA in 50 : |il of saline ; was injected into 
the rectus; femorisl m^ each hind leg for a tptaliDN 

twice per week for three weeks (n= 1 5 mice per group)./ 
:•';;•; -There was neither a : ; isignificant ; reduction i 

15 enhancement of survival in the hUde 'j.iriice^'(FI&;-?9A- and 9B) or beige-nude 

mice (FIGs: 9G: and 9D)/ These results; suggest that T cells may be required 
/Mbr the rrilFNoc antitumor:- re NKi ceUs appe^ 

the antitumor effect since nude mice (NR + ) did not have: a greater antitumor 
response compared to; the beige^m 

;-20 To forther explore the role of T cells in the; antitumor: effect of mlFT^a 

DNfA therapy,; C57BL/6 mice bearing subcutaneous B16F10 tumors \yere 
;injected;W 

■ either: CE>4* or GD8/T cells. Fbr de^letibh of f Icell subsets; ariti-GD4 h (clb^ 
.'.';.;• _;: GK 1 .5, rat TgG) and anti-GEf 8 (clone 2-43; rat IgG) hybridpmas /(American 
;25 - : - :/.; :: ;Type'' Culture Collection, Rockyille, isto) were used to generate t$e 
corresponding mAb. The anti-iCD8 hybridoma was grown as ascites in nude 
hiice • and the; mAbs : were purifibd ; ascites ;; ;u exchange 

: C^ 

GJD4;;hybridoma was grown mvihfaJmffi Medium, 
30 V 1 Q%: fetal bovine seiiim a^^ low ; IgG;: ; The lanti^ 

: tissue culture: supernatant by ammonium sulfite : iprecipitatipn| to • 30%. The 
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protein : pellet wa^ V:^:-- 1 ; 
: Ga 2+ /Mg 2+ -free : phosphate-buffered saline (Zymed Laboratories Inc Sani 
:•;;;/: M^'M-.- . I::> . : Francisco, CA).;: :Q ; -:;.; : . ^jI^J^W^-s^^ -:' x v.,, ' •; : : ^ : C:^-:;.^';v-... ■ ;..\'. i--.:..-, 

■ . ■ } ; i^nmn|i(i day 4 : after subcut^etiiis ii^ ■ : : : : - 

;5/ e^lis, mice or 

\^I055 twice per w CE)4 + and CD8* T 

cells, mice were injectesd- i^ |ig of either: the anti:-CE>4 

tiiAi) (clone <)i^ day i ; 

: ;\ i/ir: ; ; |i jprior to each intramuscular DNA inj ection (h i = :1 0 mice • per group) . Control % 
1G : tumoivbearin rat 

'; ; IgG (Sirii^a Chemi : Sfc^i^M^ H 

depletion, seritin el- ; m were inj ected accord^ the same regimen, arid • 
^nce per we ' spleens were collected, dissociated and . assessed for 'thev J 
presence of GD4f ; and € X cells: : Spleen IceHs/were^ s^ with FIT(3- v: 
: \--^5'.y: ; :: conjugated anti-CE>4 arid PE-cbhjugated anti^(3D8; m ' ■ 

• v " Diego, C A) and analyzed by flow cytometry (C^omet^; Res earch Services,f; : ;> ; : 
. San Diego, £ A): The depletion ^CI^^ was cbrisistently .v: ! v* 

The mIFNa DNA therapy- significantly reduced tumor growth (p < 

: : : depleted ;6f :GD'4*- T; cells, competfedtb mice: injected with control ;i plasmid -iahd : 
treatied ^th^: iiormal IgG (FIGs; -1 QA : and :idiB):; These results ^^j^esfKffiat 
; CD4v ;T,;;^ils;: ; are : not required for - the riilFNot antitumor effect. In contrast, 
rnice depleted ; of :GE)8 + T cells and inj ected with mIFNa DNA - displayed 
; 25 tumor volumes and survival profiles that were not significantly different from 

niice treated with the control plasmid (FIGSC H(oX and lOB). This result 
suggests that V 
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■ ■ ' Example s ' K 

Ldc^l^ Therapy: Tntriitum^ 

Plasm ^H^y V V.'vX: -y ■ ■ - ■ •:J- / .:. ; ;' ; :: V;^ 

The::ajiti|tum^ 
: : nude mice 

i melanom model), or in C57BL/6 mice 

bearing : ^ melanoma / ; (B 1 6F 1 0) ; : tumors foH intratumpral 
W ■ with a : : cati6nic*"Upid.^ \ : : 

Cell Lines and Tumor Models 

Athym^ C57/BL/6 mice between the ages of 6-10 

15 ; week^ (SanDiegp^ CA|); 

Human A375 melanoma cells and ti^ ovarian 
.carcinoma cells ^ the American Type Culture Collection 

Dulbecco's modified ': Eagle's ; m 
• (GibcoB^ B16F10 cells 

20 : : were; a generous igift from Dr. Suzuki at the University of Texas 

-7;%v^ (GibcoBRE); and 5% 

fetal bovine^s^ 
; To^ ^ 

T^-OVGAR3 ovarian |t^ ;^hymiei>h 
25 : • were injected subciitanepusly with|5 x ltl 6 A375:::celis : arkl : 5 : '?x ;';10^;NIH-. 
QVGA^ ; cells t^s^ To establish; subcubanep^ 

niel anoiria tumors, C57BL^6 : mice : were injected ; : subcutanebusly with : 1 0 4 

' ;:: BldFii5"cc?lls:. 

; : Mice : were m^ 

30 : ; were determined 3 ti mes: ; per week byi m eaisurihg w x h) iiand 

;tUmqr;vplumei ;w 
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Local ititerfao 

EstaM^ 

human ovarian carcinom vivo by 

5 ihtratumoral admiriistratipn of pDNA^MRIE/DOPiE^ complexes 

(n=10). WBen tumors became palpable (80-300 immt; at day! 27 post &mor 
cell implant for tHe A3 75 eel j s, and at day 41 post tumor cell iimplarit for the 
NIH-OVG^Ji3 cells); mite 
: : VR41 12 0 

•10 ; . ; v .:. com^leied with^iD njass ratio), : i Tumor 

bearing animals were treated intratumora:lly with D1SIA: lipid for ;6: consecutive 
days followed by 5 treatments eyeiy other d^ a total of 11 treatments 
(A375 melanoma model); or every other- d of 1 1 treatments (NIH- 

^ O 

15 As sh own in FIG : 11 in the A3 ^75 model ; ;pf melano direct 

; intratumpraJ inj ectipn : of VR4 1 5 1 : lipid complex for ; ^ days, 
: ; followed additional Sections ; ^ day (100 jag plasmid 

DN A/irij ect ion, total of : 1 1 injections)/ resulted in a statistically significant 
slowing of tumor grp^ 
20 As shown in 

• the direct intratumoral injection of ^4151 : lipid comply for 
Ca total of 1 1 injectip 

and statistical ly significant reduction initumor; growth as cpmp^ed to 
/ control jplasmid ^ - 0^05, Days 4 5 -65). A/' similar treatment 

25 regimen with VR4l 12: lipid was found to have a moderate effect on tumor 

growth whith only reach st&istical significant at 
two time-points during the ^ (p < 0 05, days 53 ^d 57 

: : -As sliown ; m direct 
intratumoral iiry 

30;: palpable tumors were establiished (80«3Q0mm 3 )^o 

K injection: in £57BL^ 
: ; mice; were iiy &cte^ 
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VPL) 01 2 (control) with the catioriic lipid, 1^ ; 

: DNA/D Mil yplume: i: Mice received six 

consecutive intratumoM (h=10:mice 
per group). ^ 12A, although nbt statistically significant, 

5 intraitumoral injeetiohi of VR41 01 resulted in a 54% reduction in tumor volume 

by day 19 of the study: As shown in FIG. 12B, a significant ihcre^ 
survival (p = 0 02} w for the 1 0 1 -treated; mice; • compared to the ,; 

mice that received W1:0 12. 



10 ■ £jca/ii/;/e 

Local ^tokine Therapy; Intraperitoneal Administration of Cytokine- 
; e^ressing Plasmids ; n 

15 : ; The goal of this example is to show that the present inv^ 

an effective m^ 

via intraperitoneal (i -p ;) i nj ection of cyjtokine-expressing plasmi d DN A. Since 
la^^stage ovarian parcinom^ usually limited to the peritoneal cavity, it -was 
envisioned that continuous secretion of a cytokine in this cavity would 
20 produce beneficial anti-tumor immune : ^ Ink particular, the present 

example clearly shows cancer the^ 

: sustained levels of the cytokine in the ascites; avoidirig the nee^ irequent 
; inj ections of the protein ^ 
25 i;: cytokine wherein the 

tumor ascites, ratHer than peritoneal tissues (sugigesti^ 

side effects should be reduced using this method), (3) i inhibits tumor growth 
and enhances survival, and (4) can be combiried with debulking 6^ 
ascites to enhance the antitumor effect: 



30 
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As a: ovariaii cancer, thei j murine ovarian: 

teratocarcinoma (MOT) model in C3H/HeN mice was used. MOT ebcfiibitis 
5 ; I many : of the characteristics; o late^stage -human pvan 
peritoneal ^s^ 

Murine ovarian teratoca^^ 
Robert Knapp i and ; Dr. Rot) ert G . fi ast ; at • the Dari^Far b er Cancer HGenter 
10 : ■ ; (Bbston, M^. "The MOT cells ( 10?) were grown by seri al intraperitoneal (i ; p) 
; transplantation in C3H/HeN mice and a stock the cells wais frozen in liquid 
nitrogen; 

CTDL-2 cells were obtairi^^ American; Type Culture 

Collection (ATCC/ Rbck^ille,]^) and were grown iri; -VM>MIv:i640 ; - : w&--' 

'.'15 . : glutamine, 1% sodium pynivate, 1% penicilliri-stTejDtbmyd^ (Life 

Techrio}ogies,^ 10% fetal bovine semm 

;Ut^);^d 1 Indianapolis, IN): 

••• C3H/HeN and nude (riu/nu) ; feniale; mice 
weeks were obtained from Harlan Sprague Daw (San Diego, CA).: All ; 

20 anini^ experiments were conducted ih accordance iwith Vical'sil^ 

T Animal Care and Use Committ^ as the -standards;: set ^ forth viii the 

National Re cp homing :ahim^ 

;V: V To est^ tumors, G3I^eN mice : were |iry ected Ip . with 

lO^MOT cells in ilOQ ulNcjf medium., Ih the -MOT tumor model, tumpr j^owth 

25 is; typically: m 

volume of tumor ascites (Berek et al., Cancer Res:> 44; 1 871 - 1 875, 1 984); The 
nude mouse study w^ in the same manner as the studies in 

C3FVHelsI mice with irij ection i . p . of 1 0 5 MOT cells arid m^^^^ the weight 

: ;! 
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Prepaid 

:V; : ToiyieW aipD^ 

a separate vialj and; the pD^ and icatidnic lipid were^ c^ 

pDNA' Was diluted in 500 ul 0.9% saline (Radix: Lab s; Eau Claire, " WI), 
: DM^iE/DdPE lipid (1 00 ; fig DMRJE) wis : dilute^ m 500^ 
10 ' ;'• a separate vial' and the pDN A and cationic lipid: were -Gombiried an^ 
; for 5 seconds. i 

THe 1 . ml pDNAD lipid) comple^^ 

i.p. into: mice bearing i;p: MOT tumors on various days after tumor cell 
implant; Control MOT tumor-bearing mice received Lp. injections of VRi012 
: ? 5 : ;(coritrol): lipid at the same ratio (1 : 1 pDNA:DMJlIE, 100 jig pDN A) : and : were 

injected i.p. on the same days as the d^okine-expressihg: or reporter gene 
treatment groups. 

Intraperitoneal injecfo 
20 in tumor ascites 

: the ability; to target ; 

maHgriar^ 

MOT cells follow 
25 (1 :1 p^ clays 5 arid 6 after 

Control MOT mice Were injected i.p. with 1 00 jig of either 

: VR1012: lipid or 223 without lipid on da^s 5 and 6 after K^OT tumor cell 
injection. ; Ah addHi °^alj ^pupi of pontrbl rri ice did riot receive NIOT ; tumor 
cells and were injected ip; with W1223: lipid on the same days as the: other 
30 treatment groups arid tiimbr 

ascites and tissues (liver, kidney, spl 
:: : coll^ was extracted rfrom ; the tissues by freeze-thawing and: ; 
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■ : ^grixid irig of i the V sari^i^s; in cell lysis reagent (Promega, M^ WI) as 
; previously des^ih^ TTie/-, , 7:1 205-1 21 7, 1 996). 

The turn 

of freeze^thaw and of supernatant to Samples 

• ■ 5 were read in a microplate luminometer (Dynatech, Chaniilly, following 

addition of liiciferas^ substrate (Pro WI) ; The relative light 

; units (RLU) of the ; samples: were ; deteriiiined from a standard ! curve using 
purifi ed firefly luciferase (Analytical Lurn ihescence Laboratory, Sparks, MI)) 
The protein concentration of each sample ; was determined using the BGA 
10 • - iprotein assay kit (Pierce Ghemical Company^ Luciferase levels 

; were expires sed as RLU p er nig of protein. There may be a decrease in IL-2 
pDNA expression from day 1 to day 3 

Qn day three; tumor ascites had 
diaphragm and ovary tissue had only 327 and 16 RLU/mg (FIG. 13). Kidney, 
15 : liver, spleen and intestinal tissue had no detectable lucifer^e i activity These 
results suggest that i^p i^ pDNA: lipid: complexes 

the tumor ascites r in the peritoneal cavity ;with linlited or negligible 
i tfansfection of surrounding tissues. Luciferase detected in the diaphragm and 
oyary tissue w only found in MOT tumor-bearing : mi ce injected ^ith 
20 VR1 223 : lip id When nai ve nonrtumor beari ng mi ce were inj ected with the 

same DNA: : lipid : : complex, no luciferase: activity was found in any of the 
; tissues (data not shown) ; \ These results suggest that the low levels of 

luciferase in the diaphragm and ovary in MOT tumor-bearing M 
• metastases of tumor cells to these tissues. Tunior^bearing mice inj ected with 
25 luciferase pDN A without cationic lipid had nio luciferase activity in either 

tumor ascites or surrounding tissues, indicting ; t^ 

optimal v/; Wvo transfection of pv^ian tumor ascites. Mice injected with 
VRi6l2: lipid had no detect 

tissues. v ;•• 

30: : ;■;.:;•:> A foHow-Up type in the ovarian 

■ i; tumor v asci gene 

: : : ^: p^ 
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qellsX; O injected i p. with 1 00 jig of VR 1 4 1 2 v (P^ 

gaiactosidase (g-g^ 
with VRM^ 

mice were sacrificed the tumor ascites was collected- The ascites was 
5 :-\ spun itfi250&yTjpm-46r. 2 minutes to pellet the cells, and the supernatant was 

removed: : : The; 

i: Scientific, Pittsburgh, PA), placed in a crybrriold containing OGT embedding 
medium^ i sopentane arid then stored at - 

70 P C: The embedded and frozeri samples were then crybstat sectioned (5 urn), 
10 • : further fixed (0 PBS), washed (PBS), stains 

reagent ;(1 mg/ml X-gal • diluted:: in PB S containing 5 mM -potassium 

washed again (PB S ), and counterstained wi t h hematoxylin and eb sin . (The 
samples : ; weif e cryostat i s ebtioned : : arid : staiiied by Pathology Associates 

15 v : ^ 

: The ascites frbm mice treated withiiieitte 
■I ; ; lipid had ho P-gal activity in the samples : In ; contrast j the tumor ascites from 
;^ice jiy ected with VR1412: lipid had g-gal stain^ 

20 : were also positive fb^ 



Ihtraperi toneal injection of I&2 pDN 
of 11^2 in tumor ascites 



25 A tinie-cburse study was done to determine the; 1^ 

be detected after multipl e i; p . inj eetibn s of IL-2 pD ft A : lipi d or a single i.p. 
injection of either IL-2 protein or tli-2 pDNA: lipid in mice bearing i.p. 
ovarian tumor ascites. Beginning on day; 5 after tumor cell iiy ectibn, mice 

i w^ 

30 VR11 10: lipid or IIi^2 protein : Mibe were sacrificed at various times and 

; ^ascites and se^m w Ascites collected from 

■ ' ■ the -sacrificed mice, tfe 
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' ■ i supern^iaht^ w 

day as the ascites collection arid the serumvwas s from blood: cellls by 

;:aH 

Dickinson; Franklin^ Lakes 
5 lOiritiinu the serum supernatant. ; ILt2 >; <^ncei^ratipn ^ 

(pg/ml)m^ 

ELIS A (R l& t) Systems^ Minneapolis; MN). Since the: volume jof tiimor 
ascites increases over time- the voijume 
.^ymoiise • & sing the 

10 V formula; ■ IL-2 p pg : IL-2/ total -ascites. Serum IL-2 ; 

concentrations were reported as p^ml; 

: IL-2 in serum and ascites after multiple injections o) r ILr2 pDNA: lipid: 

15 Beginning on day 5 after tumor - cell inj ection, ; mice were injected with 

VRl l ip:: lipid- fo^; either 2, 4 or 6 ; consecutive days or with xontfoL 
lipid fori: 6 consecutive days (100 ^1 of plasmid DNA com 100 |il 

: DMRJE/bOPE at 1:1 mass ratio in a total volume of 1 ml). An additional 
K • ; group of mice received VRl 110 that was not completed with DMRIE/bpPE. 
20 Every tAyo days for up to 17 days after the DN A: lipid injections, 3-4 mice 

i : were ; sacrificed per treatment group! and ascites : and serum were collected and 
analyzed using mIL-2 ELISA assay as described 1 above. ]} 

^Two iiyeaibns of - ^ i)$A^ 
pNAxatiom ratio) into mice bearing i p;^l 

25 yielded high levels of protein in the tumor ascites: One day after 

VRl 110: lipid i/p/ injection, 28^000 pg/ml of IL-2 was measured in the tumor 
ascites (Table 3)/ IL^ 

after DNA: lipid injection with 750 pj^m 17 days after tte^ 

pDNAilipid : inj ect ion . Mi ce : i nj ected with • either - fo^ or • six: consecutiv 
30 ; injections; of VRl 1^ 

ho^ever^ due to; the very high expression: levels: afte^ 
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vriot su^ beyond day 9 or 1 3 iaS(^ DN A inj ettiqn . In r contrast^ two 
consecutive inj ections of yfel II 0 plus DI^^ not cause 

: bbseryable IL-2- side effects yet IL^2 expression levels i; remained higH for over : ; ; 
: 2 weeks, the EL-2 expressed after i^p. DNA:lipicj^ 
: mice appeared the peritoneal cavity as 

■ levels after 10% of the 

1 evels in the tunior ascites. Injection of VR 1 110 without lipid yielded very 
low levels 6fl]^T^)2iiscii6s- and serum (0-32 pg/ml). Iryeaion of tlie control 
vector, VRI&I 2; resulted i^ 
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; :':;3'5 : :'. 



; : ;;' : :/;.fabIe3; ::: : ' 

\ Days post tumor; cell irij ection :.<';■■ . 

■■Treatment \j • \ .-.i ■ ±9 H ••••• 13 . 15 ■ • 17 . 19 ' 21 ; :;'^23 v ;.' , 

: Vri uo:<miL-2) \ : ;-^-;V/v . - ■ : :;•:• • • • jv ; ; .:' " -(v^- ; : . : . '. ■ X ■ : ,- : v; '{". 

without DM/DP. 6injs: ' '28 ' 12;:.' • ^0. ' : V\ I "q{ _ l" ■ 

;N^ipi2 (c6h^ol): ; : , W 1 :^ ' • ^Z : 'y ' .v ; : : : , ; D ; W,' 

^ Dl^P;6injs;: ;:; ; : ; :. :6 ' 0 •. ;-8. ' : 0' : ' : " .--. : : -;-d : '.Y SI ' : S-S,';'43 :,; ' / 

•.^ii : ioxmiL-2^ ■" : ■ j ; ; • ' ; ":. : h I . ' ;': , ■ • • ;' " ; W : 

•+ DM/DP, 6 injs. ' 7196 • ' 7716 V-$ii24^ , 3895 ; : " ; 3200^ ; " • 

■ : :+>b^ • " : :: 35i4 : : : ;;: ::;4'l87 ^V^pV-^OSb'-- • 3^84^--2392 : ':'; 441 : 

vriiio(iiiIL«-2) ; , , ■ . . •-:•.>;,. \';^: ! ':' : ';;,-;.v:.::; 

+ DN^P; 2 injs;; :• ^28882;^ • • 8047: ; : > 1246 1445- a: ,;^ 1407 774 : v M53 . 



: mll>2 concentration in serum (pg/ml) 



Days post tumor cell injection ; : ' : • • 

Treatment . ; . : _7| : ; '.^j^;' . II t/^tF,': . ii'-";:' - W^ ^9'"^^^i-'; / : ■ e _ : ^3 >' 

VRlli6 (mIL-2) : : : T :.:-::'' :; . :.';•• Y - v/' • : -' J Y,:- . V^^^jY . : ; ' ^' ^-^V^^^Y ' V '"■ vO; 1 '^.^ " 
without DMyDR 6 injs. ; 0^ ; v:;:'. . , : : -4 ; V" . 6 : 32 V . 0 J; - 0: - f 

\^10 12: (control) : 

+ bNf/pp > 6injs. • 0 : 0 0 0 0 ; 0 : - 62 ' 

'^i|iO:Ctnk-2) : •;••;•::•' ; ; . ' :: " :; :;.' " ■[ v ,. : - ? • -A- ; ! - ■ ' : " ' . . : ^'-> ^ : : ; ".• ■ "y.:"! ■ ;■;> 

+ D^P,6injs. . ; ? 66- ':; : '' ; ;85 Y:;'; j;34" 5 f;-' '•'4' . 

: ^ill0-(mll^2) ^ • • : - ' :': V : :'. : ' v- • \ : :",_■ ;•: : : = i-;^ ^- -V /■ : : >. • . ■ --I". V: 'C :T ^ 

:+-bM/bP;4injs: 114 * 81 40 \ '/' y W': : : ! 3 • 2 ; 'V 0 • 

VRll 10.(mIL;^2):;;;v . ■ :-V . ;•• ■ .. • 

.^;bpE)P/2 injs:? \. r . : ' • -?:6^f;;? : 4 18 ; 181 '• . . ;76;. ' " -'6 0 ; • ; : ; 0 ,' \ 0 



: W099 . . . PCT/US98^4830 : : . 

\ f. ; : IL-2 in serum aricli ascites after single injection/ 0pDNA 'lipid injection 

/ -compared to protein injection. ' 

;7 ,. • Five days after i.p.; injection of 10^ G3H^HeW miee • 

. 5 . ; : Wef6: iiy erted : >^th pO \ig of either ^l 1 ! 1 1 qi - ! lipid;::^H^\^;l 012 : ' lipid (1:1 ±^/: : *<z^ 
DN A: DMRIE mass ratio) or with 100 [ig of VR1 1 10 withop^ For the .. 
; : : TL-2- protein-treated group, mice were iiy ected with 1 fig recombinant murine 
. DL-2 : protein (R &:^ - ''the;.pliNA;vlipid; : pDlSl.A;. : • 

alone, or recombinant: protein was injecte^^ a total volume of 1 ml saline ^ V • 
10 [ per moused Five mice ifrbm e^ch group were sacrificed beginning at 4 hours 
fij:continM on days : 1 , ; 2, 3 , 6 : and; : 1 0 post DN A or ; protein injection. 
• Ascites arid: senu and analyzed ;^ ELISA assay as 

described abbye; } [ 

Mice ii^^cted i.p with ILr levels; of IL-^^ 

15 (10 ing) at 4 hours after injection Of IL-2 and: a 10^ 

, : . lipid iiad pe^ IL-»2 levels in ascites 2 days after; injection (64 ng) and only i: 
2.6 fold reduction iii; IL-2 ; by 1.0^ inj ection ; : (25 : ng) (FIG 1 4A). : . 

results indicate that mice receiving lL-2; ; p^ 
20 ; • sustained levels of IL-2 in the ascites compared to mice receiving IL-2 protein; 

Tump mice injected i p. v/ith either ^ 

";W;: ca tiQnip lipid had no EL-2 in tte t^ 

; injected i.p/ with 10-fold;l^ 

DN A) still had detectable IL-2 in the tumor ascites 1 1 days after the ,^i : 11p ; : : \;;i?;^ ■ 
; 25 lipid injection (data not shown); 

; Semm levels i of IL-2 aft^ protein or DNA injection reflected 

. ■ a similar pattern as that found in tumor ascites; however, the serum IL-2 levels 
: were m^ 
proteihiryecti^ 

30 .'■ after protein! inj ection. : Sterumt te^ 6r^ day after VR1 1 1 0 : : lipid ■ . ' 

injection was^ fc (FIG. 
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l4B) These results suggest that t^m^ either IL-2 

protein orpDl^A: lipid d 

Intraperitoneal ^ 
■ 5 ; ; and enhdhbes survival 

Six consecutive^^ trea^ 
^evaluated for the .ability to reduce tumor growth a^ to increase survival of 
; iriice with M0T tumors; 6ri after M0T tumo^^ 
10 : ^ iiyebted ;U 

: DMMErtJOPE. The: compjexed at: either a 5:1 or : 1:1 

DNA;DMRIE mass ratip : An addk 

was not complexed with lipid. A total volume of 1 nil DNA:lipid or E)NA 
alone in physiological saline was injected i. p. The DNA treatments occurred 
15 : over 6 consecutive days, beginning on day 5 (days 5^^^ MOT tumor growth 
was measured by weighing the mice. All treatment ^ 

; m 

The high IL-2 ; expressib level in ascites was accompanied by 
: sigiiiSeant Antitumor effect l^ce tr^ated^ lipid on days 5-1 0 

20 after tumor cell injection had a significant reduction in MOT tumor growth 
compared to lipiil <p=0 .pi) (FIG; 15 A). A 

V ' wi^^ : , ' >] : -V-';:; : - ' 

• Complexing the pDl^ 
25 antitumor \ effect as ; treatment of tuhior-bearing mice VRI 1 1 0 without 
; lipid was riot effective (FIGs 1 5E arid liSF). Furthermore, a! 1 : 1 DNA: catipnic 

lipid mass ratio w^ to be more effective at reducing tumor burd 

increasing isurvival than a 5:1 DNA:ciati6nic lipid riiass t 

15D). :^ : 'y : ''''''' ' ■ ' '^' :: :^' h W 

30 : : ; y Threfratierriative-^ treatments. G3H^ i ; p. : MOT 

\ tumor ascites were injected i:p. with VRI 1 1 0: lipid or with yRi012: lipid 
J : (100 4ig DNA) on: days: 5, 8 and 11 :^er tumor bell implant; By 
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tumor cell injection, mice with V^l 110: lipui fiad i av significant ' ^ 

deduction in mean weight (p^O; 00 1 ) Compared t6 : ithe ; micie; treated with; the : 
control pDN A; lipid (FIG. 1 6 A) . : In iadditidh; a significant ; increase in suimv al : 
;:^=b: 008) was found for the; Ml 1 1 1 0 : Hpid-tjreated mice compared : to the mice: 
■ : ^p' treated with the VR101 i lipid (plG 1(5B). By ^ tumor cell 

; injection, hone of the mice treated wi# the VR TO 12 were still alive, while 
^ ; 50%^ with VR1 1 ipr By day 55; post 

• ; V tiiiftor ^ witji^ll 1 0 : lipid appeared ; to 

''i : ''v'': : ;. "■ .. be tumor-free;}^^^^^^: • . •.••.> •. .• 

10 Whether the IL-2 pDNA: lipid antitumor effect required T cells was ; : ; 

investigated by implanting nude mice with ^ fbllbwed by same 

/"VRjI 1 l*0": ; : '*iipid regimen used in ^ 

: treatment on days 5; 8 > arid ^ l-jafter turn cell implant). No significant 
i antitumor effect was found for the nude -mice: tre with ; W 10; lipid 
• 15; suggesting that T cells may be required 'for the antitumor effect (data not / 

ZL-2 plasritid DNA:lipiti antitu effect enhanced by debulking of tumor 

Debulking of tumor ascites is commonly performed on human ovarian 
; : cancer patients: I; A pei^med ihitHe m ^ 

; tumpi^ ; and treated witH;:i^ y-l 
; v ; injected i. p. with 1 00 ul DN A: lipid;; :bn day s;> 5- 1 0 as described ; abbvie ( 1 : 1 7 
25 DNA:lipid mass ratio), were also debulked of tumor ascites oh day 14 after i 
;|f ;: - : %-: : . tumor cell injection (4 days after^ were 

; debulked of 5 ml of tumor ascites by insertion of a 22 Cj needle attached to a 5 
ml syringe and removal of 5 ml of fluid . - The mic6 were Anesthetized with 
•: methoxyflurahe during the; debulking ■prpee^ 

. P^bulking of ovarian tumor ascites in mice previously treated with ILt .'; 
2 pla^ of the:; tr^^eht ire^lting 
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in a; ^igriififcarit ; re tumor growth (p=6 01) ; an iherease in 

survival ; : ■ Forty ; of : the E^-2> pl^mid ; D 

debulked m 57 ys; 17% pf the! plasm 

and debulked mice (FIG ^ 

therapy in conibinat ipri with conventional procedures such as : 
tumor ascites may hold pro^m 



• ^ : lipid 

10 : A|dose-respoiise study was initi^ed ta 

• stil 1 result in a significant^'^: ^ effect. 
:■■ ■ ■ ■ i; C3l^eN i ifriite were iiyected: with 25^ 50 or 100 jig of IL-2 pDNA: lipid on 

: days 5, 8 and; 1 1 -after MOT tumor cell injection. A control group of MOT 

• ; : tumoi>bearihg rrii ce were! inj ect ed i with 1 00; |ig 6f •^■TOi 2 compl^xed Sw :. 
15 lipid. By day 15 post tumor : cell injection, mice treated w either the 50 or 

1 GQ j^i dpse of ^ 
tumor gr^ 

(FIG. 18 A). A significant increase in survival (p=0. 0 1 ) was also found for the 

: - m^ 

20 ; On day 25, hone of ithe^ m while 
the mice inje^ or 100 |ig of 1 10: lipid had 27 and 33% 

survival, respectiy ei^: • By day 37, mi ice treated wtft^ 

lipid had 20 arid 27% survival, respectively. Tumorrbearing mice treated with 
■ |: ; : 2 5 jxg of VR 1 110 complexed with lipid were not significantly different from 
25 : the ciq^ 

Cytokine profit 



\ Since hp; injection of IL-2 pDN A; ; lipid into ; rriice; ; be^irig: i MOT 
3p -tumprs resulted^ i^ expression in the^^i:^ 

: Jipt^st^ 



■ the tum^ injected i:p; wito lo|;I^OT ; c^lis.^;:Oh: : 

:; days ;5, : : 8 : ; and l l after tumo^ mice were injected; Kpf^w 

; e^ lipid; ^ 

received days affe each : 

-5, :; inje^ 

•',>•:•' :per group were sacrificed and the tumor ascites was collected The total 
•.; volume of^ 

; at I4fi0&jprti fa 2 minutes:^ followed by collection of the supernatant^ The 
■ ascites siipernatants were assayed on of the cytpkinissr : IL-2, 

yvio:'.--; =" IL-4, I^^6,; IL- 10, ' granulocyte-macrophage colony stimulating factor : ■:' 
; (GM-CSF), interferon gamma (1^ and tumor necrosis factor • alpha (TNFa) 
' ■' using : ELIS A & P Systems- Minneapolis, MN); The : i concentration of :;. 
transfer 

TGFPiEmax Immiinioassay System (Prpmega, Madison, WI)- The amount of 
' : ; :: 15 cytokine in tl^ calculated using tlie formula: cytokine 

■: : ; : .:;-:Coi^ehtratipn in pgytoil x ml of total asc^ • . . 

: :.As expected, tumor^bearing mice injected i p. with Wl 1 ip: lipid had 
a m^ed increase with negligible leveh i.-::^.xcm 

bearing mice or mice injected with the ^ lipid (FIG. Thfe'levieis' 
20 ■ ; of IFNy and Gti^G Sfr also marked 1 y elevated i n thie mi ce treated with • 

and ;1 9C^ IFNy arid G|i-CSF; levels in these:; 

rriic^inc^ 

; 7 tiniepoint suggesting that;this pould be (due to TL-2 secretion; Some non- 
specific increase: 

i: " the tumor-bearing mice treated v/ith VR1 1 1 0: lipid were 6-fpld higher than in 

^ e "r^Qe^itfeated" with VR lipid suggesting that ; e^ of IL-2 : . 

/ upregiilates IFNy production. 

" ;^eyels<6^ 
30 P^ 

vpDNA; lipid complexes may non-specificaiiy ; stimulate pro^uctibii of these 
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i particular cytokines in the tumbr i ascites (FIGs; 190, I ?E^; and 1 9F); No 
= ': ■ differences were \ found for IL-4, IL- 12 or TGFp in the ascites from any of the 
groups ^d levelsi of these 
and p-20QQ ; ;p^ 
5 ; ' : iev^luated; mice trei^ed with ; c 
• .. lipid; or; with li^ 

10 i H G3H/H^j[ inice were injected iivpj with 1 ti 5 MOT cells to; establish 
ovarian i.p.1 tumors; : The mice; & jig of 

\?. f^4Wl : i; (mll^a^^^ 

cationic lipid at a ;1 : 1 DN^DMRIE mass ratip; in a total S^lume: of 1 ml 
saline: The mi ce received the i :p • injections ; 6f ; pDl^ A: lip id dri days 5, 8 and 
15 11 after tumor celll injection; The mice were weighed 3-6: times per week. 
Fifteen each treatment group: 

; Mice bearing i pVlvlb had 
; : ia significant increase in survival (p<0. 006) compared to the ^^m 
■ control plasmid (FIG; 20B). No significant reduction in tumor volume was 
20 found for the VR4 1 1 1 ; lipid-treated mice (FIG 20A). 



Example 7 

: 25 ; Selective Tra^ 

/Melanoma Tumor Model 



The anti-tumor effebt of DNA: formulations with or 
mouse i p: melanoma model have been evaluated in the: p 
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Cell line arid tumor model 

BI6F10 mouse ; melanoma: cells 

: 1 0%: FG S ; j Two ^ Hundred thou sand B 1 6F TO mou se mel anoriia eel Is jvere 

;5 implanted i- p.;:ih ^ a 28 G 1/2 needle arid 
> without puneturihgi 

Preparation ofplasmid DNA:lipid complexes 

10 ,; : The plasmi^ 

; 'to use. ; Equal ; yob were mixedfby 

swirling to achieve fa; iita 

: Saffian;^ 

15 mass ratio of DNA to cationic lipid was 5 : T ^d the cationic lipid to DOPE 
molar ratio was 1:1 . The formulated ^rnate was then vortexed at hiigh speed 
for 30 seconds and kept at room temperature until dosb administratiorii 



20 



CA T assay 



Tumor or other tissues 
: . ^trpgen ; i; :arid ground into a powder using a : ; reversible < drill ' as described 

plasmid DN vivo. In Gene Quantification. F. Ferre, ed. 

25 : :B 

iand exacted in lysis .-; buffer and high speed >supernates assayed: for GAT 
activity using a two-phase partition:- assay as described (Sankaran^ L. ^ 
Analytical^ 



W099/26663 



PCT/UJS98/24830 



Cdtidnic lipids ehha^ iransf action 

I : ^' : E5^Uft^ice were ; inj£cted : ; i;p; with>^ ifB il^Fl 6 ; : m 

mdanoma' -inj eeted Lp; ^iyith GAT ; pDNA 

Two days : latervJtumor tissues ;- w 
extracted, and assayed! for (GAT activiy, : " 

'.;|As ;i shown in Table :4, DNA alone v transfected • • "? tumor, but; 



Table 4 



(n ta 6 mice as; iindi 



. ;: Mouse # 


DNA only 


DNA:DMRIE 


DMRIE, 








. no DNA ■ . 


>■ I .;<. 




: i 82,600 ; 


; o 


l'.C\ ;2; : - : : : l ; 


: : ' : l : ;::|;:-307;. : ;v. ; :, ; : 


37,551 


;|:. i |0 ,.;],;;y 




.'?706 -;. '\ 


! 220,600 : 




; y 4,;;/ :_'/. 


791 


287,458 






5,892 




v- 0 


/ : 6 


6,258 






Average; 


' ; 2,326 ■' 


182,052 :; : 


; ; 0 


Std&ror , 


; l,3p6; ' 


52,140 V 




Fold: higher : : 




■ : 78 , ' ■ 


yt?;o7/J-'. 



10 Selective tran^ction iof tumor celts 



15 



ihj ect ed i . p . with 1 mg/2ml VR 1 332, with or without a catibnic lipids and with 

or without the neutral; lipid, DOPE; 

luiig, kidney, spleen^; m icpii^^ 
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,:5; : :.:. 



oU:;: As : !shpwri: 'in Table 5 ^ normal ir^aperitorieal organs were riot at all; 
tr^sfected or trarisfected^i v of catibnic liptf^ 

was - a low levbf tr^ 

of 1 of 5 spleens (the one trahsiected spleen may have been :puri 
injection needle). 



Tables 



Average pgs; CAT per g 



ORGANS; DNA only 


+ DMRIE 


+ BAE-DMRIE - 


H GAP-DLRIE 


Liver : ' ; ;' : 'p ; ; 0 ".' 


0 


* ';; o 


:: ; 0 ' ;/ :• 


/Lung;- 0 


0 


o /' 


■ ' ;o U 


Kidney x 0 


1 X : 0 ; : ; ^ 


0 . .[ ^ 


j; 'o V; ' 


Spleen ■• •^••••(•O 
••Mesentery'' : 370 


2,563(0)^ ; 


•..., : :.:;-,0,; :: ;. .". ';* 
5 i :(1,866 V- : 


• :: .; : ; :lvl27i;v- 


ORGANS : +DOSPA 


•+ DMTUE, 


+ fiAE-DMRIE, ; 






no DORfi 


no DOPE 




Liver : . : : ' 0 


o ; 


V^.^.t):':'v'-^;- 




Lung/ ': 0 ; 


p ■ 


0 




Kidney 0 








Spleeri : 0 








Mesentery '. ■ •• 600 


:r-: ; : ii09i: ; ^': 


^"C 3^04 




*bne nibuse with k CAT value; the rest - 0 







normal MmatG 

• days later; irijetitetf^ cationiclip 
Two days later; selected i!p/ tissues (liver/ lurig^ 
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!>:-As -shown in Table 6, tumor tis 
pDNA complexed with: catiohic lipid/DOPE; Normal i. p. organs were not 
transfected well: compared toi.p. tumor tissues. .• 



table 6 



i Average: 'pgs fe^f per grii of tumor tissue (n = 5: mice); saline 
values subtracted 

ORGANS DNA only DMRJE:DGPE i D\iQlIE:DQpE :<> 

normal mice 
no tumors 



Tumor 



Lung 
Kidney 
Spleen: : 
Mesentery 
Ovary :; : y -'\ 



10 .:. 

0 ;.' 

: /Jo--[ 

0 

: 493, 
6,793 
: nd 



200,195 

b 

; : ;o ■:■ 

'. o 

nd 

■"■ nd , 



in/a 

o 

:■ ; :.p ; ,v. 

;P 
2;562 

0 !^ 



Dose Response 



C57BL/6 mice : were injectedv i.p. with 200 i 600 ; B 16F 1 Q murine 
10 melanoma cells, and seven days later, injected 1 iip. with 0.15 or 1: 5 mgs of 
: : : VR1 332: with or without cationic lipid/DOPE in 3 ml saline. Two days later^ 
tumor tissues were collected, extracted, and assayed for GAT; activity. 



\VO 99^6663 ;"• ■ ' PGT/US98y24830 

; ■ As shown in Table 7, a higKeir: d of DN A transfect^ 
v better than :a - lower; dose; Also , DMRIE transacted bfctiier than the two other 
:; . cationic lipid s tested! 

V 'hi:. ■^■''J\h;.r ■ Table 7 :'.}'^ : : [ , . ^ /, ; ;^'"[ v> : , 

Average pgs € AT per gm oCtumbritissue (iri = 5 miee); saHnd values 
subtracted: '"- 

■; . DNA DOSE DNA only ' + DMRE + '"'/^^ 
: 'l.Smgs. ( 16,592 1,270,466:; : 524,006 581,616 : 

.. •••;i;r;: ; :,1-937- : ::': ; A 13i;089 ; ^ 

.5 ■'; '. - Testing a variety ofcationic lipids 

: l C57BL/6 iriicje- were injected i!p. with 200-000 S16F10 ; niimne; : 
;! ^riMe^o^ ceH s,; auad ; s^eri days; later y inj ected i p; with 1 1 mg of VR 1332 with: "i 
; or without catiphic lipid/DOPE in 3:- ml saline. Two days later^; tumor tissues 
10 V were coltect^ 

: As shown in i Tabl e 8; all cationi c 1 ipicls tested increased transfectioh .1 
level, ahd;:©^ 
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TV Averse ^ ■ V- 



CL:DOPE : 


Run 1 


Run 2". 


Average 


None . 


.6,247 


not done : 


: -6,247: 


GAP-DDRJE 


: J2QJ816 


• "7.027 ?;:/'• 


13,92| 


GMti-DMRIE 


'' ; --9,3 : 55 


^2-888 "' 


31^122 


HPrDORIE ; 


' : V 36,615 : .: 




: : 31^705 


DOSPA 


; 33,494 


. 57,026 


V 45,260 


PA-TELO 


• ; 63,326 


32^81:, ■:. 


48,004 


GA-LOE-BP 


59,729 


63,528 


61,629 


GAP-DMRIE 


80,760 


! 63,002 


1 71,881 


PA-DELO 


73,692 


82,265 '. 


: 77i979 


G^-DLRIE : I 


77,553::::^ 


; 107,629 


:1 92,591 




'^ :: •; : •'?7;7,i•28; : •• : '. : 


: i52;22)';:::.' 


/: :99,677 ; ; 


DLRIE ' ■ 


;i ; 122,999 :; 


128,225- 


; ::;125;6 : 12 


PA-DEN-IO 


'. 155,369 


154,884 


155,127 



In sum, the success of the intra-cavity delivery embodiment ; of itte 
present • invention is al^: exemplified \ii£ih^ 
5 ; ; Following up irij 

• in tumor tissues^ and normal; intraperitoneal organs^ such as; livier, lung; and < 
kidney are poo 

> It clear \that the inventention may be practiced dtherwist than as 
10 particular described •iiri ife 

Numerous modiificatiohs and variations of the present invention are 
possible in light of the above teachings and, ^ 

: ' ■;- p<rj. ■ tfie appended claims: : : v. ; Ay-:;;. 
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^ The entire disclosure of all publications (including pate^ patent 
application i journal ^ 
cited herein^ are te 
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What Is Cliumedls: 



: v 1. : A pharrhaceutical composition comprisin ng to 20 nig 

of ai; riph-infectious, npn^ihtegrating ; pplynuGleotide construct comprising a 



v (a) : a poiyriucleotide that frybri stringent conditions to 

v the nucleotide: sequence of SEQ; ^ 
wherein : said polynucl^ 
i antiprpliferatiye activ^ 
10 (b) ■ a : polynucleotide; that encodes a polypeptide comprising ah 

r amino : acid sequence' whichH except for atleast one tkit ; not more than 20 
amino ^cidi; substitutions; deletions, or insertions; |is identical to ^ ^ 
v-23 ; to ,172 - oK \ to 172 in SEQ ID No. 8, Ayherein said polypeptide has 
;: Mtiprojiferatiye activity NIH-OVCAR3 l^il^myl^^z^ 

: 1? : - ( G ) ; ; a polynucleotide that encodes a ; polypeptide c 

:^cids : 86 to I 72 in SEQ ID No! 8, wherein said polypeptide Ms 
antiproliferative activitylwhen added to NIH-bV CA&3 cells /« vitro; arid 

one or more cationic compounds selected from; the group: consisting of 
cationic lipids; cationic : peptides^ cationic proteins, cationic polymers, and 
. 20 : mixtures thereof 

: :2; The; pharmaceutical composition of claim 1 , wherein said 
■ polynucleotide is|a);; - : • ■ • • 

25 3, The pharmaceutical composition ; of claim 1, wherein ; said 

: polynucleotide is (b). 

4 ; The pharinaceutica.1 composition of ; claim ;1, wherein said 
; : pol^ubleotide i^ 
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5. ; ;-;':The ph^ 

polynucleotide eiicod^ ;to ;172 of 

: • : :: : SEQ::ie^:i8/, ]:;p ^/£jr- : ^ r r'4 'rU ; j ^\ V •% 

5 v:6: • The:: of claim 2, wherein said 

ppiynuelfeotideie acids 1 to 172 of 

v. ; :; : ;seq:id:no: ; 8;^ 

7. the pharmaceutical : composition of claim 3, wherein said 
10 polynucleotide ericqdes i a ^ an amino acid sequen 

whichj except; ; 
d or inseitiohs, is identical to amino acids -23 to 172 or 1 to 172 in • 

•:. -i : SEQID py ■ - ;■;><;■ ' / ;iv ; . ? : 

15 The pharmaceutical composition : of claim 7, wherein; saiid 

^) blynucl (Sioti de encodes a polypeptide comprising an amino acid sequence 
which, except for at least one but not more ttian 1 0 amino acid substitutions, 
^ deletions, or insertions, is identical to a^ acids -23 to 1 72 i or 1 to 1 72 in 

9. The pharmaceutical composition of claim 8,' -w^ 

ijP^ 

; - which, except for at! least One but ^n more than 5 amino acid substitutions, 
\ deletions, or insertions, is identical to amino acids -23 to 1 72; or 1 to 1 7 r 2 in 

25 SEQ ID No;;' 8: ^-;Vl::}:;"\' : r 

10. The pharmaceutical composition of claim 1, wherein said 
^ additional molecules. 

3d .11. The A pharmaceutic 

: ; ; ; rpolyniicte^ .= \££ 
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12. : The : pharmacy ; coriiposition of cliim ■ wherein isaid 
•polypeptid 61 to 8 5 of SEQ ID No, 8 • 

: 13: The pharmaeeuti of claim j 2; wherein saiti 

: 5 polypeptide forther 

14. The pharmaceutical composition: of cldm : 13 ^ >^ 
polypeptide furthercom^ amino acids ^ 

10 15. : The parmac 

cationic compound is 6n^ 

16. The pharrhaceutica 1 5 - wherein said 

cationic lipids are selected from the group consisting of: (%)-N-(2-- 
15 hydroxyethy l)-N,N^din^ 1 -propanimihiiirii 

bromide^ : \ ^N-(2 
prbpaniminiurti; : bromide, 

bis(d6decyloxy)-l^pr6panimihium bromide!, • 5-carboxyspermylglycine 
: ■ dio^ 5-carboxy- 
20 ?p6nnylamide, {3P-[N- 

:d^ brbmide,(±^ 

p DL- 1^ ; 

hydroxyethyrammonium, ; 1 -O-oley K2-olepyl-3 -dimiethylam 
25 ; hydroxyethylammohium, cationic lipids are 3, 5h(^ 

/;3-(DL-j : ,^ arid ;:3,5- ; . 

(N,ft-dWysy^ 
: d^ 

3° • 17; The ph^maceutical ; composition! of claim 

: ; : caitipiiic lipids; j^^0se :(^^ 
bis(tetf adecyloxy)- 1 -pf opaniniinium bromi^ 
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1 8 The pharmaceutical ; : composition of I claim; ■ ,1:5; ;; fiirti^r ; 
comprising one or more neutral; lipids: 

[ 5 : 19 The pharmaceutical ; composition of claim 18; wherein said 

neutral lipids comprise lv2-dioieoyl-glycerb-3-phpsphpethanolam 

20. Thfe pharmaceutical composition^ ^ wherein said 

polynucleotide construct is:; complexed w 
10 : dimethyl-2,3-bis(tetrad^ bromide ; arid i 1 •2-diblepyl- 

glyc^ro^ 



: 21. The pharmaceutical composition of claim 18, wherein the mass ^ 
; : ratio of said polynucleotide construct to lipid is from about 5 : 1 to about 1:1 

15: .'. ;;■'.■'; • .," .. : ' ' ... : . . • . - ; : • . • • /• ;. : ". . ■". . .• ;• • . ' 

• : ??■ The pharmaceutical cpmpositip , wherein^ 

polynucleoti d e encod irig the polypeptide is DNA Pperably linked to a 
promoter. 

: 20 23; : ;'.; The pharmaceutical composition of claim 1 ■ wherein the 

polynucleotide encoding the polypeptide is^ ^ 

; 24, The iph^maceutical composition of clai^ 
•;; polynucleotide construct is \nR4151 pomp 
25 N,N-dimethyl-2,3-bis(tetradecyloxy)-l -propanimi bromide and 1,2- 

; : ' dioleoyl^glycero-^ the mass ratio of VR415 1 

(SEQ ID No. 4) to lipid is from about 5:1 to about 1 : 1 . 

: 25; ; ;; : The ph^maceutical composition Pf claim 1 , : wherein said 
?9 : : polynucleotide corhpri^ 
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y; r'26: The pharmaceutical said; 
region regulating gene expression is cell specific or tissue specific. 

27; The ph^maceutical cpmpositidn of claim 26; \vherein said 
' 5 - region is tumor cdl or tu 

:: 28. A pharmaiceutical composition obtained by complexing about 
J ng to 20 mg poly nu cl eptide construct 

comprising a polynucleotide selected from ^ 
i° :;( a ) a;polym hybridizes: uiuler: stringent conditions to 

the hupleotide sequence of SE^ 

wherein i said poly nucl eotide j sequence :• encodes la polypeptide that has 
juitiprplife^ 

(b) ■ a polynucleotide that ehcodes-a ari; 
15: amino acid sequence ^vhich, : except for at least ' one : but not more than 20^ 
: . sumino acid substitutions, deletions, or insertions, is- identical .'lo.-^inbij-jacids 
v : : : -23 to ; 172 or \ to J72 l m ^ro^'-^bi-'VS;- wherein said polypeptide has 
antiprolifem cells iriyitfd\ arid; 

: (c) a polynucleotide tto^ comprising amino 

20 :: ■ , acids 86-172 of SEQ ID NoH^ Md ^ 

has ^tiprpliferative activity when added to 1^ 
c(A\f in vitro; '. 

: with : one or more; cationic compounds selected from the group* 
consisting pf cationic lipids, cationic peptides, cationic proteins, cationib 

25 ^ : / 

29. The pharmaceutical comppsitfo^ 28, Ayherein said 

polyhucleotide is (a). 



30 



•• V: ':30y: The : p 
polynu^ 
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;! ; 3 1 The pharmaceutical composition of claim 28, wherein -said 
• polynucleotide is;(c); v 

32. ; T 

■■5 \ polynucleotide encodes a polypeptide comprising amino acids -23 to : 172 of: 
- SEQIDNo. 8- 

33. The pharmaceutical composition of claim ;29, wiienein said : 
polynucleotide encodes a; polypeptide cbmprisingf amino :acids l -;to 172 of 

10 : SEQ ID No: 8. ,"• { 

34. The pharrnaceuticar composition of claim 30,: - w 
polynucleotide encodes a polypeptide com^ 

; which, except for at least one but riot more than 15 amino ;acid substitutions : 
15 , deletions, or insertions, is identical to amino acids -23 to 1 72 or 1 to 1 72 in 
SEQ ID No. 8! <i 

35. The pharmaceutical composition of claim 34,; wherein said 
polynucleotide encodes a polypeptide comprising an : amino acid sequence 

: 20 which, except for at least one but not more than 10 amino aci d substitutions, 
deletions, or insertions, is identical to ainino acids: -23 to 1 72 or : 1 to 1 72 in 

:'■[ '' v -iSE^^ 

36: The; pharmaceutical composition jof claim 35, iwherein said !:: 
25 : polynuclebtide encodes a polypeptide comprising an amino add ; sequence 
which, except for at least one but riot more than 5 amino acid substitbtions, 
deletions, or insertions, is identical to amino acids -23 to 172 or 1 to 172 in 
SEQIDNo i 

30 ; : 37. The; ph^ 

, polynucleotide further encodes one or more additional molecules. ■ ; 
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. : ::<;■■:,■'■■;: ; '...r. -'^i: : : ;v>, ■ ■ .::v;-93- v.. ^ 

x '' - : 3S^ The pharmaceutical composition of cta^ 
polynucleotide further encodes oh 

39. The pharmaceutical composition of claim 31, wherein said 
5 polypept^ 

40 . • i The pharmaceutical composition ; of clai in 3 % wherein said 
polypeptide further comprises amino acids = : t6:- f 6iD.vb"F=SEQ. 

10 : 41. ; The pharmaceutical compos wherein said 

: ■ polypeptide further comprises amino acids 21 

: : 42 : The pto of daim 23 j : wherein said 

cationic compound is one or more cationic lipids. 

'■; 15 ' . '. - ; " • . .' .' • .- -V .. ; ... . . : K . : - < . /'/Vr ' , v ■ - ■ j " ; , 

:43. • :• The pharmaceutical composition of • claim 42^ wherein said 
cationic lipids ar£ ^selected from the group ! consi sting of (±)-N-(2- : 
tiydroxyethyl^N^ 
bromide, (±)-N"(2-a^ 
20 propaniminium bromide, (±)-N-(3-Minopra 

bi s(dpdecylbxy ^l-propaniminium : ■ bromide, 5-carboXyspermylglycirie 
dioctadecylamide, " : .;^U ;dipalmitoy^^ 

; spenny lamide, (3 [J- -dimethy ^carbbmbyl}^^ 
dimethyldioctdecyl-aminoriium : ; ^ 

25 (sperminecarbox^ 

pentdiydrochioride, DL-l,2-(^ 
hydrbxyethylammdnium 1 -(?-oley l-2-oleoyl-3 -dimet^ 

hydroxy ethyl ammbniu m, cationic lipids ^ 

3-(DLrl,2-dioleoylfdim and 3;5!^ 

30 : ^ : 

dirhetHylaminoprbpyi-P^hy 
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44, The pharmaceutical composition of claim 42^ w ;said : - '^v 
cationic lipids comprise (±)^ 
bis(tetradecylb^ > 

5 45. The pharmaceutical composition of claim 42, further 

comprising one or more neutral lipids. 

46. The pharmaceutic^^ of : claim 45, wherein; said 

; neutral lipids cpmpr^ 

: j 47. Th^^ 
polynucleotide construct is complexed with ; (±)-N^ 
: dimethyl-2,3-b^ 
: glycero-3-php^ 

; ; 48; ; The pharmaceutical composition of claim 45, wherein the mass 
ratio of said polynucleotide about 1:1 

49. The pharmaceutical compositiph: of claim 28, wherein the 
20 polynucleotide encoding the polypeptide is- SNA operably linked to ; a : 

■ ■; ■ ;: promoter! . " ■ ' . : " . ••. " " : - .. ■ . ; • ' ■ ^ : p --_.. . 

•:'vv 50: The pharmaceutical composition of ^c wherein tJie 

polynucleotide encoding the polypeptide is IW^ 

; - . • is : ■ [ • / . '''■■/,'}• \ : \- ■ ■ - ... - . •'. • ; ;; - . 

? 51. The pharmaceutical composition of claim 28, wherein said 
polynucleotide construct is VR4 1 5 1 complexed witti ^)-N-(2 T hydroxyethyl)^ : 
; bromide arid 

dioleoyl-glycero^3 -p^^ such that the nilaSs ratio of VR4151 

• 30 (iSEQ© 
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5 2. • The pharmaceutical eompo sition of claim 28, wherein said ; : 
polynucleotide comprises a region regulating gene expression. 

; 53 . The pharmaceutical composition of claim 52, wherein said -' ;: : 
■ ; 5 region regulating gene^^^ specific or tissue specific; 

]'. ;: region is tumor cdliidr tumof- tissue specific: ■ .. 

•10 5 5 . . A method of treati ng ; caricer : or metastasi s thereof in a mammal, 

••; ■ comprising; "y.(:- vy : ',. : ;. -9 ." * Jy . ' • ; }r V';.; F : ; y- 
administering into a tissue of said^m 
integrating polynudeotide construct cqm^ 
; ■ cytokine; or ah aaive frag;ment thereof) 

15 such that said polynucleotide is expressed as said cytokine /« ;v/vc?, and 

• such that said cytokine is present in the blood stream of said mammal 
in an amount .effective^ • 

56, The method of claim 55, whera 

57. i ^ 

the group oonsisting of renal cell carcinoma^ 

; V-K 

25 ; liver; cancer^ head; and -i neck •cancer, bladder cancer, uterine cancer, bone 
cancer, leukemia, • breast cancer, non-melanoma skin cancer; glioma, solid 
^ : c^ of any of thereof and; combinations of ^^^^ 

-thereof ' ; ; :: -y ••• y. : - ■ V :' ; : ■ 7 



30 



58. Theym 
:met^tases;o^ 
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5 



■ v ; -96-. . . ' ' " . V. \ 

59. The niethod or liver 
metastasis. ' / 

60. The method of claim 55, wherein said o>n 
into a tissue: selected -fro 

liver, spleen, bone marrow, thymus, heart, lymph, blood, bbrie, cartilage, 
pancreas,; kidney, gall blad^ uterus, rectum, 

nervous system, eye, ^larid^ and connective tissuei^ 



10 61 - , The method of clai m 60, wherein said tissue is muscle/ 

62; The method: of ^ tissue is skeletal muscle, 

smooth muscie, or myocardium. 

15 6 3 The method of claim 55, wherein said constnact is adrnihistered 

intravenously. •"/";: :;; : 

64. The method of claim 55, wherein said construct is administered 
intramuscularly. 

65. The method of claim; 55, wherein said pq^^ 

comprises a polynucleotide; encoding a cytokine : selected ffoiti the group 
consisting of jFNoi ,>:IFN a^l^x, FNy , IFNP, IL- 1; TL4, 1L-4, ^,11^12, 
TL-15, of thereof; arid a 

25 • combination of any of theredf 

: 66: The ni^ cytokine is an ihteiftron 

3 P .:.. The met ; of claim :66, wte oi is a 

pplypephde composing am acids -23 to 172 i^ : : |yy. ; ' '/:y 
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.68; The method of : claim 66, wherein said interferon o) is a \ 
polypeptide comprising amiha acids 1 to 172 in SEQ ID No; 8. >;."'■" 

69. The method of claim 66^w^ 
5 is W4151 "'" 

; ;70. The method of claim 65; wherein said cj^okihe is ah interferon 

.... 71. : - -The; : method of claim; -70, wherein said interferon a is '"a' 
10 . polypeptide comprising amino acids -23: to : 166 ofSEQTD No. : 10. ;. ... 

■[:■••_ 72v The ^method of claim. 7.0, wherein said interferon a is a 
polypeptidie comprising amino acids 1 to 1 66 of SEQ ID No. 1 0. 

15 73 . The method of claim 70^ wherein said polynucleotide construct 1 

}:S . is VR41 1 2.:(SE^.ID,No;; 2) ; - ^ ■ . :. ■ I 

74- The method of claim 65, wherein saiid cytokine: is an ■ 
■ . interleukiri-2. 

• •• : :V- •:. 75: The method of claim 74, wherein interleukin-2 is a polypeptide ; 
Comprising ^ino ieids 58 to No- 14: 

76. The method of claim 74, wherein ihterleukin^ iis a polypeptide 
25 comprising amino acids 20 to 126 of SEQ ID No 14. : : 

77. The method of claim 74, wherein said pblyhudleotid 
is^^ 
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78i: ■ ; ; :[EhiB ^method of claim i 55, wherem 
compfisihg- a DNA molecule encoding an interferoh o> is administered 
intr^uscularly to itr^ melaripm or ; metastasis th^of ; 
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■ : 79/: The ^ : of claim 55, \yhereirii a: :po 
veomprising ; a an interferon-/ ^ 

irit 



80. V The Method of clai 
lung metastasis! 

81 : : : The method of clai m ; 55 , = wherein a ;polyhueleotide construct 
10 comprising a DNA m 

..; glioma. : ;/:H; -v'T-' ;..:•'" .' \- : / : vP^}'z^^--: '•'. : - ; 'v ;; -':> v .: ; ..';- : ;>;-A.: 

•82. : The method of claim 55, wherein a pplynupl 
cbmpriising a . DNA : molecul e ehco ding an interferon a is administered 
15 intramuscularly to treat meianoma; 

'; 83. The method of claim 5 5 ; wherein; a polynucleotide construct 
comprising a DNA/ 



84: The method of claim 83( 
■ lung metastasis. '.. 

85. The method of claim 55, wherein ^ polynucleotide corist^ 
25 ^; comprising a 

glioma. | \. '[}_.. ; ; ,;, ^./-'Ji v*- :/ v ."/ . . ; :; 
86: The m^ mammal is a human. 
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87; : ;The method 
■association; with transfectidn^ 

cationic lipids, : and cal^ precipitating 'agents! '^;^K, 
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88. The method of 
0. as ; a (iompiiex 1 of said construct arid one or more cai^ 

from the group consisting of cationic lipids, cationic peptides, clonic 
5 prot^ms, cationic polymers, and mixtures thereof. 

: 89. ' The method of claim wherein said one or ; more cationic 
compounds are one 6^^^^ cationic lipids. 

10 ■; 90. The method of claim 89, wherein said cationic lipids are 

selected from the group consisting of (±)-N»(2-hydrpxyethy^ 
M-bis(tetra^ 

dimethyl-2,3 -bis(tetf adecyloxy)-- 1 -prppaniminium bromide, -^^(3- 

15 S^bpxyspermylgjycine : dibctadecylamide, Idipalmitoyl- 

: phophatidylethanolam 5-carboxy-spermylamide, {3p-(N-N' •N / - 

: :dimethylamino)et^ ; : dim^hyldioctdecyl- 
; ! ; Smmpniu^ bromide,^ 

20 dimethylam 1 -O^oley 1^2 61epyl-3 - 

:: vdimethyjamm lipids are 3;5-(hJN- 
:dilysyl)-diamiriobe^^ 
hydroxyethyiamirie) and 3;5-(N^^di-lysy 

; dibleoyl-dimet^ thereof. . 

25 ' : • .yy' :y - " ; : .. ■ ; . . . ; - : .' . • ;'• • • . . ' ' ; 

91. The method ;pf claim 89, wherein saB 
(±)-N : (2-hydrpxyethy , - : 

• prbpahimiriium bromide. ' • 

3 $ 92. The method of claim 89 < wherein v said cdiriplex farther 

: \ comprising one o^ lipids; 
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. 93 . The method of plaim 89, Ayhereih said neutral lipids comprise 
1 •2-dioiebyl-gly^ 

■'■\' : y':: : 9A: The method bf^ 
: 5 is compiexed with (±)-N-(2-hydroxy^ . 
bis(tetradecyloxy)-: 1 -propaniminium : bromide and lv2-dibleoyirgiycero-3- 
phbsphoethanolamihe.y 

95 ; T^ wherein the ratio; ; :6f said 

10 pbiynucleotideco 1 :il : 

The method of claim 55 v wherein said polynuc^ 
V is: VR4I51 (SEQ ID No: 4) compiexed with (±)^ 

■ -dime^ bromide and l^-dioleoyi- ' . 

15 ^ lipid is about 

' : .;;.'::i : 5; l :.to$>K \ . . -i- ' '^S'C-^ - >■ W^'^W-" . ■ V-'-' ':■ I : : : : \ ' ■ ■ • li 

97. The method of claim 55; wherein said polynu^^^ construct 

is VR4112 (SEQ © No. 4) compiexed with ^ - 
20 dimethyl-2,3-bis(te^ bromide: ind • 1,2-diolepyl- 

glycerbr3-phpsphoethan61amine s (SEQ ID : 

i V No; 4) to 1 ipid is fr orn ab oiit 5c I fo about 1:1. 

98. : Thfe method- of claim 55, wherein said polynucleotide cqnstrtct 

25 is VRl 103 (SEQ ID : No/ ' 

glycejro-3 -phosphoethanoiamine such that the ; mass ratio of Mil; 1 03 (SE:Q ID 
No. 25) to lipid is from about 5^ 
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99- : The: method of d 
Opfcrabiy linked b-a pro 
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lOO;" .. The method of claim 55; wh^in-s i's^RNA'V : 

; 101' Tte method of cla^ 
furtherieomprises a polynucleotid 

i 102; The method; of claim 5 5 , wherein said polynucl eotide construct • 
forther comprises a 

103: The 55; ; w^^ 

.V 10 comprises a region regulating gene expression. 

104. The method of claim 1 03, wherein said region regulating gene ; 
expression is cell specific or tissue specific. 

; 15 }105. ; The method of claim 1 04, wherein said region is tumor cell or . 

tumor tissue specific. • 



106; A method of treating cancer, or metastasis thereof;; jin i a 
mammal/comprising: 
20 : : the method of claim 55 in combination with one or mbre additional 
.cancer^ treatment methods selected: from the ; group; consisting of surgery , 
radiation therapy^ 

107. The method of claim 106, wherein ;sai 
25 construct is administered prior to the commencem^ one or more 

: additional cancer treatment methods. 
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108; | The - method of claim 106, wherein saiH polynucleotide 
^biistruct is admin^ 
/cancer treatment methods; ; 
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1 09: Thevmethod cjf cl^im 106, wherein said pdlynucieptiide 
construct is administered: after the^ : ^ 
. treatment methods; 

5 , 1 10. A method of treeing cancer in a mam comprising: 

administering into a tissue of said mammal! a non- 
integrating polynucleotide c 

cytokine, or ah active fragment thereof, selected from the group consisting of 
an interferon o>, an i nterferon a, a combination; of ;an interferon a) and an 
10 interferon a, and ah active fragment of any of thereof such that said cytokine 
is delivered tb a tumor in a th^ amount. : 

1 11: The method of claim 110/ Wherein 
construct is administered free from ex v/vo cells or ex vivo cdlular material: 

112. The meth od of cl ai m 1 10, wherei n ■ said cancer is: sel ected from 
the group consisting bf solid tumor, cutaneous tumor; renal;: c^l carcinoma, 
colorectal carcinoma, lymphoma, Kaposi' s sarcoma, melanoma, prostite • 
: cancer > ovarian cancer, lung cancer, head and neck cancer, bladder cancer, 

20 irterine cancer, bone cancer, leukemia, breast cancer, rion^melanbma skin 
caricer, glioma, metastases thereof -and: bdmbinatio^ 

113. The method of claim 110^ wherein said polyriudeotide 
construct is administered directly into a tissue seledted from the group 

25 consisting of muscle, skin, breast, prostate, blood, bone marroW, lung, hfeart, 
liver, kidney, small intestin 

114: The method of claim 110, wherein said construct ife 
•administered intravenously. 
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^■■y-l'\5- : The rpethqd of cjaipll^ 

a tumor. :• " •.:':;•: . 
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1 16. ; The method of claim 11 4, wherein: said ic is targeted to 

a tumor by a promoter. : : 

5 V 117. The method of claim 110, wherein said ; construct is; 
administered directly 

.■; 118. The; method of claim 1 1 
tissue selected from the igrotip consisting of skin, breast; ; prostate, Blood, bone 
10 ; :marrow, lung, hearty liver, kidney- small intestine, colon, brain,| and ovary; : 

119. The method 1 of claim , 1 10 • wherein said : construct is 
{administered into cells surrounding: a tumor. ^ 

15 : : 120/ : The: method of claim 1 10^ wherein said construct is inj ected 

i into a cavity within which ai tumor is found; 

121 ; The method of claim i 1 0, wherein said construct is injected 
; intraperitorieally. : " 

122. The method of claim 110, ; wHerein - said construct is 
administered into one or both lungs of said mammaL : ; V 

123. The method of claim 110, wherein saici;: cytokine is an 
25 interferon a). 

124. The: method-of claim 123, wherein interferon: co is a polypeptide 
xbmprisihg aminb acids>23 ; : 

30 : 125. i The meithod .-of claim 123, wherem^ 

;' : ; : :;.pompri« 
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126; Th^ claim 123; wherein said polynucleotide 

; ^ constmcti^ . 

;■ 127. : The method of claim 110, wherein said cyto is an 
.5 interferon be 

128; |: •THe! i m^hod of clai m 1 27, wherein intei^rbn; a ; is a pplypieptide 
comprising to 1 66 of SEQ ID No: • 1 pi £ 

•:l'b //;' v V; ;: ; ;129. / • The method of claim 127, --wherein interferon a: is a polypeptide 
cqnip^ 166 of SEQ ID Nbi 10. ; 

; 1 30 . ; : The method of clai m 127; wherein said polynucleotide 
con^hx^ 2): 



15 



: 13 IV The method o a polynucleotide construct 

comprising a DNA molecule encoding an interferon co^^i 



20 13 2; ; Th«e method of claim 1 1 0, wherein said mammal i s a human. 



133 v ; The; 
■ association 
25 ; ; cafo 

134. The method of claim i l l 0,: 'wherein said construct is 
: • administered as a : cbmpl ex ; of j sai d construct and ; ^fe^^iniOTe catibnic 
:;: compound 

30 ^peptides- : : 
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1 :i3S; Them said one ipr more catipnic 

compound s are one or more eationic lipids. .■ : . 



■ • ; 136/ The method ofj claim 1 35 ; ) wherein said • Cat ioni tiiUpid s i are ; : i 
i selected from the group corisistirig of (db)-^ 
; 2 v 3^his(te^^ 

; idirriethyl- ; 
: |am 
:5-carb^ 

10 ;; ; phophatidylethahol^ : ! 

dim^ i : 

amm^ 

;2^3r-i)is(dialeyipx^ 

idimethylaminopropyl^Prhydroxyethyl am mqnium; l-0roleyi-2«oleoyi-3T 
\15 dii^^hylamin^ 

^^^^^■^ 

hydroxyethylamine) and 3 v5-(N,N-di-ly sy l)diamino-benz6yi 1,2- 
diqleoyl-dimethylam^ i 

20 ; 137. The method of claim 135^:w 
; • ; :;(±)-N-(2-hydroxye^ 
: : propaniminium bromide. 

• 138. The method - of claim 135, wherein 
25 comprising one or more neutral lipids^ 

:13 9; Theimethod of claim 135, w 
li2-dioleqyl-glycer^ : : 



•30 ; 140; ^He!" -method ; ;6f :t clai m ; ; 1 3 8; wherein 

.•l^cphstmcgt' is'' compiled (ij-1^^2^hydrox 
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bis(tetradec^ bromide : :and^ li2-dioleoyl-glyCero-3- 

phosphoethanblamine: 

141. The method of claim 140, wherein the ratio of said 
^ • ;: polynucleotide construct to lipid is about 5 : 1 to about 1:1; 

i 142; The ; method of claim 1 1 0, : ; wherein sai d poly riucl eotide • 
construct is;ATt41 5 1 (SEQ ID Nov 4) com^lexed with (db)-^ 
N,N-dimethyl-2,3-bis(tetradecyb brptnide ; and ^,2- 

10 dioleoyl-glycerp-S-phosphQ^ V 
; 1 ipid is about 5 :l! to . 1 . : ■ 

143. The method of claim . 11 0; ; wherein said . poiyhucleptide 
iconstru^^ 

; 15 ; H ; bromide - arid 1,1- 

: dioleoyl-giycero^3-phosphoet^ the m^ss ratio -o 

(SEQ ID No. 4) to lipid is ; from about 5: V to; about 1:1 V 

144 . Thie method of claim 110, Wherein 
20 operably linked to a pfpmbter. . - ■ 

• 145. The method of claim 1 10, wherein said pol^ ; 

146. The method of claim 1 10- wherein;^ 
: - : .-.|. 2 . 5 ; construct further comprises a polynucleotide; encoding ;orie or more additional 
molecule/ 



147; The method of claim - HQ, wherein : said ^ 
.;;:• ; cqmtrucit; ftii^^r comprises ia polynucleotide encoding one bf more additional 
30 i cytokines, 
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■■: 148. ^ g 

^ comprises; a regi^^ - : 

149; ; The method of claim i 48, wherein said regioh re 
5 expression is cell specific or tissue specific; 

1 50- The method of ;claiiri 149; w 
tumor tissue specific; ; 



10 151 . A ^method of treating cancer, or meta.stasis thereof 

mammal; comprising: 

the method: p^laim j- ; l|il;0^in : combination witb 6^ 
cancer treatment methods selected from the group consisting; of surgery, 
radiation therapy, chemotherapy, immunotherapy, and gene therapy 

; ::152; The : m^ claim 151 , ; wriereiii;: saiti polynucleotide 

: construct is administered prior of said one or more 

additional cancer treatment methods! : 

>20 153: The m^bd;; ;bS| claim • : i;5 : I wherein ^aid : i : polynucleotide 

construct is administered during 
can(^ treatment ^m^ •', 

154. The method ;;pf claim 15 1 wherein 0; said^; • p 
25 constnact is ad 
; treatment methods. 

:■: : ;;::i;p.v A method ;pf treating cancer in aimam 
administering into a body cavity ■ of said mammal:-^ non- 
30 -integrating poly micl eotide; construct comprising ;. a: pplynucieptW 
cytokine^ or an active fr^m 

ja ; 
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156; The method wherein said cytokine is; selected from the 

group ^ 

12, EL- 15, IL-18, GM-GSF, an active fragment of any of thereof! ari& a 
5 combination of any of thereof 

157. The method of claim 1 56, wherein said cytokine : is an 
interferon o): 

10 158. The method of claim 157, wherein said interferon co ; is a 

polypeptide comprising amino acids-23 to 172 in SEQ II) No 8; ; 

; 159. The method of claiiri 157, wherein said interferon co is a 
? polypeptide to to 172 in SEQTD No. 8: 

15 \;\ . .. .- : .■ ■ ■■ • / , : •. - ■:■ ■'■ "■ • 

: : i; 1 6Ci • The niethod of claim 15 7, wherein ; said polynucleotide 
construct is VR4 15:1 (SEQ ID No. 4); 

161. The method of clai m 1 56, wherein said cytokine ■ : is van 
20 interferon a. • 

1 62. The method of claim :1 61 , wherein said interferon a is a 
polypeptide comprising amino acids ^23 10; .}:■} 

25 : 1 63^ The method of claim 1^ a is a 

polypeptide comprising acids 1 to 166 of SEQ ID TSI6: 10. 

164: • The : of claim 162, wherein said pplynucl eotide 

. •. ^ construct V&i j R^ 2). ■ 
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165. The method of an 
interleukin-2. . 

166. The method of claim 165, wherein interleukih-2 is a 
5 polypeptide comprising amino acids 5 8 to 1 05 of SEQ ID N6; 14. 

167;- the method; of claim 165;^ a; 
polypeptide comprising a^^ 

10 1 68. ; The method of, claim ; i65 y ; wherein said polynucleotide 

" • construct is mi 103 (SEQ ID No . ; : VV; ■ 

169: ^ method of claim 155, wherein said polynucleotide 
construct is administered free vivo cells or ex vivo cellular; material. 



15 



170: 1: The method of 1 55; w said tumor disseminates in a body 



171: The method of 1 70, wherein the body cavity is selected from 
20 the group consi sting of peritoneal cavity, thoraci c icayity , plural cavity; rectal 
cavity, stomach cavity, and urinary bladder vesiclel 

: 172. ; The method of 171, wherein the body cavity is peritoheail 
cavity. ' - • ' •:, r : -- . iKH- ..- v. \' : 

173 . The method of claim 1 55, wherein said cancer is from 
the group consisting ^f renal cell carcinoma^ colorectal carcinoma- 
lymphoma,; melanoma i:C^cer, pyanan cancer; ; lung cancer; stomach 

cancer, glandular lymphoma, bladder cancer, uterine cancer, mesenteric 
30 cancer; pancreatic cancer, gastric cancei\ metastases thereof, and 
"; thereof. . .' ' 
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: ; ;174. ;^h£m^ 

175. The method of claim 1 
5 intraperitoneally . 

176; T^hexn^ 



1 0 ; ; i : .-. 1 77 . The methp d of claim 155, where constiiiet is free from 

; -associ^ion with t particlesii -liposomes,^ 

i cationic lipids;: 2 



j78//=/\Thei=i iriethbd of : iclaim : :155; wherein; said construct is 
15: .administered as a coirip 1 ex of said- construct and one : ;| or : more f catipnic 
: | cationid 
! peptides; catioriic proteins; catioriic polymers,; and mixtures thereof. : 

179. The method of claim 1 78; wherein said one or more catidiiic 
20 : compounds are one or more cationic lipids 

V :,>'--^ : T80: : : : : The method of claim 1 79 y ; wherein saidcatiphic lipids are; 
.; selected 

25 dimethylr2,3-bis(tetradecyioxy)- 1 -prppaniminium broMde, (±)rN-(^ 

; |; : a^ ; 

■ phoph^ :{3P|^ i : • 

; ; dim 
lo* : ammonium ib 

; . ^2;5^ 
r : ; ^dim^ 
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; ; (dimethylam 
; diiysyl)-diaminobe^ 

dibleoyl^dimethy 

181. The 
: : ; (±)-N-(2-hydrbxyethyl^ 
propaniminium bromide. 

10 • I ;::?I82^ Tile ; m of claim ; 179, wherein said complex further 
, comprising 6ne or mo :" v 

183. The method of claim 1 79, wherein said neutral lipids comprise 
l,2-dioleoyl-glycero-3-phosphoetha^ 



15 



20 



1 84.: \0$& ; method of claim; 1 82 , wherein .• said ; po ^nucleotide 
construct is : completed : with : ■ (±)-N-(2-hydr6xyei^ 
■bisftetradecyjox^-^ 
• phbsphoethanolamirie; ; - : 



; 185; The i m of Iclaim >T8'4; ratio bf 

Rolynucleptide co^ 



186. The method of claim 155, wherein s^d pqlynucleoti^ 
25 construct is VE^ ID No: 4) :cx)mplexed ' with (±)-N-(24iydrpxyetliyl)r 

:N and 1^2- 

! i:dibIepylTglyce ^ch : that the mass rartio of VR4151 

; (SEQ ID InJo. 4) to lipid isifroni aboiu^ 5:1 to about 1:1 ; ■ 



3d: 



: ^ 15 5 , ; wherei ri said " p oly iiucl eotide 

construct is A^FW l 1 ? i (SEQ .imNp : ;4) : con^lexed; ^ ' 
T^ilSf^dini^Hyl|r2 
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; d 

(SEQ ID No. 4) to lipid is frbmL abbut 5:1 to about 1:1: 

188. The method of clkim 155^ 
5 construct is yRl 103 (SEQ 'iD-^^^ With (±)rN<(2- 

• hydrdxyethyl)-N,N-dimethyl-2,3^ -propaniminium 
brornid e and 1 ,2rdioleoylTglycero-3 -phosphoetHanolamine such that the mass 

10 189. The method of claim 156, ^herein a poly nu cl ebtide construct 

comprising a DN A ; mbtecule encoding interferon co is administered to trieat 
"• ovarian carcinoma; 

190/ The method of claim 156, wherein a polynucleotide const^ 
■ : ,15 comprising; a QNA molecule encoding interferon co is administered to treat 

< m^ 

191. The method of claim 1 56, wherein a polynucleotide constai^ 
comprising a DN A molecule encoding interleukin-2 is administered to treat 

20 - ; : . ovarian: carcinoma; • - ■ ■ • 

192. The method ;bf claim 
comprising a D^ 

metastasis of ovarian carcinoma. 

25 • . ; .. " '•" . : ; .. ; - ■ : ." ; : • .; .: .; . • . :.-;';,; , . 

193. The method of claim 156, wherein a polynucleotide cdns^ 
comprising a DN A molecul e encoding an inte^^ 

m^ : .;..\ ; ■ />■ 

• 30 v 1 94: [ The method of claim 156^ wlierei 

comprising a DNA mblecu^ 

: mel^st^is of melanoma. . • 
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•195. The imfethbd of dlaim 
: operably linked; tp a promoter: -v^^'V 

196. Tliie rli^thpd of clai m 155 , wherein said polynucleotide is RN A. 

'J-t9p'.\ The: ^ 1 55 j wh erein said • polynucleotide 

construct fiiM 

molecule. ■ -y^M .yy ■■ : :( , f':: : ^ : - .. uV. >"• 

198. The method of : claim; 155, wherein ; said polyhudeotide i 
: eonsthact forther compri 
cytokines 



15 : : : 199. Ther i method of claim 155, wherein said polynucleotide 

■■y? comprises a region regulating gene expression; 

200. ;; : The method of claim 1 99; wherein said region regulating gene 
expression is cell specific o^ 

20' : . . . : :/ . V: ; /• : ; .. : ^ J \ ; " = ""■ : . • ;.: , v ; \ ''' ' " T\.\ V - "K\ 

201 , The method of clai m 200, wherein said region is tumor cell or 
. , ; : tumor tis sue specifi c • 

..y^.'-ylOl- A method of treating ;cancesr, or metastasis thereof, in a 
25 -\ mammki, comprising:: ^ 

the method of c^ in combination 

i ;C^cer : treatment methods selected from the group consisting of surgery, 
radiatipri therapy, chem^ 



30/ ; : 203; ; ; T^ claim 202, wherein said polynucleotide 

: ;j ; w more; i; 

additi orikl- cancer treatm methods . 
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:; : : 204: C"jfte : method of el aim 202 ; wherein : said 
construct is administered during the practice of said at 
cancer treatment n^tHpis^^ 

; 205 :; The method of elai m : 202, wherein said pp^ 
construct is administered after the end of said one or more addition 
i treatment methi^ 

. :J 206. A method of selective^ 
: cavity of a m amma) > comprising; • • ^y- 

- ; administering into a body cavity of ;sai d i manimair; a • nbn^infectious, 
: ^non-integrating polynucleotide ; construct comprising ^ polynucleotide 
: ; encoding a molecule; :pr an : active fragm ent .thereof such that said molecule is J 
15 / delivered substantially to and expressed in malig;iiarit ^ within said body 



; 207. The method of claim^ wherein said molecule is a peptid^ 
polypeptide or protein. 

'. .; >.V" ; • V'..:-':. . ; • \' : ; .■" ; ; ••>-;: . ' ".■ : 

; 208. .; The method; ; of; claim 206^ w^ 
cytoplasmic, nuclear, secreted, or membrane bound ;j: 

: 209! The method of claim : 206, wherein said : molecule 
25: : induceswherein said molecule induces rejection, reg^ 
: profession; of ^ 



210. The method of claim 206, ;:; whereih ;-:; sai^ is 
immunogenic; . ;j 
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; 2 1 1 ; ; The m 

at least one mehiber selected /from the group consisting of cytokine, 

lymphokihe^ 1 or II histoaDmpatibililty antigens; costimuljatbry ; 

molecule^ bacterial antigen- viral glycoprotein, lysozyirieV recbmbiri^ 
; 5 antibbdy, adh 

212. The method of 206, Wherein said molecule is; a cytokine/ 

213 . The method of 212, wherein said} cytokine is selected from the 
10 group consisti 

12, IL-15, IL-1^ ; 
combination of any of thereof .'• ' 

214. The method of claim 1213, wherein said cytokine is an 
15 interferon a); 

; 215: The method of claim 214, wherein ; said; interferon o> is a 
polypeptide comprisihg amino acids -23 to 172 in SEQ ffi No. 8. 

20 216! the methbd of claim 214, Svhereih sai d : iht erferoti co is a 

, polypeptide comprising amino acids 1 to 172 in SEQ BD Nb; 8. • 

217. The method of claim 214, wherein said polynucleotide 
construct is VR4151 (SEQ ID No: 4); 



25 



218. The method of claim 213, wherein said cytokine is an 
interferon a. 
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219. The method of claim 218, wherein interferon a is a polypeptide 
comprisihg amino acids ^23 to 1 (56 of SEQ IB No. 10;; 
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• ■ ... . ; , . " : . . : • ■ j \ , . • ■ , /• ■ . ii6- :: , ■ ; ; .y : : ; . . : : ' . ; [ . : ,\, ... ■ • ; .;: : , 

:\ 220, The m^hod bf elaini 21 8, wherein iriferferoh a is a polypeptide 
comprising: amino acids 1 tp ;166 cif SEQ lD 

221. : The method of claim 218, wherein saiid 
: . 5 • ' ' construct is VR4112 (S^^ ". ' 

222. The iniethod of claim 213^ w^ is> an 

• •'. interleukiri-2:; 

10;: 223 . -'The'; method of claim 222, wherein ;; interleukih-2 is a 

: polypeptide comprising ami no acids; 58 toil 05 

224. Th^ method of claim ; 222, wherein iriterleukin-2 is a 
; polypejptide comprising amino acids 20 to 126 ofSEQ ID No. 1^; 

, 225 . : The : method of claim 222, wherein said polynucl eptide 
: ^ 25); . 

; 226; The method of claim 206- 
20 cancer in the mammal. 

: ! ; 227 Theimethod of claim:i226, wherein 
an amount sufficient tb suppress the i d^ cells 
Within said body cavity. ,.. 
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228. •;• The method of claim 206, wherein the body cavity is selected 
from the group consisting of peritoneal cavity, thoracic cavity, ; plural cavity , 
recta cavity- stomach cavity, and urinary bladder vesicle^ -^^^:^^^ ; ; 



30 : ; 229. The method of ^ 

^■'^:'' :X ^py^y y : -; • •••:;.;: : •,•;::;;,• ' • : :.;'; ■■■ ' -l •;;(■■' \''' :: - '■ .'.V : . ■ '•:'; A3';. : .' ' ■ • ^■■■ : - : - : -r'-- '- : -\' 
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the group \- ; consisting of ; 
: ly^^ 

: cancer^ uterine i : cancer, mesenteric; 
5 cancel pancreatic cancer; :^ csuicer^ ti^ combinations 
., thereof '\.y.'*- ;; ; ■ . / r v ."' ; 

23 1 > The mi^ wherein said cancer is p^ 

gasric, colon; ovarian, ofem^ 

232^ The method of daim 2Q6; :w^ : 
injection or infusion. 

■ : 2J^..-J sai d polynucleotide 

: 15 construct is administered free from ex v/vo cells or ex vivo cellular material. 

; 234. The method of claim 206, wherein said construct is targeted to 
a tumor. ; v f- V.^.; ..... : ;T ; ; ■- .: 

20 : ; :-:-;:. ; : ;23.5'., The; m claim 206, wherein said tonstiruct is inj ected 

. .': intraperitbneall y ; 

.;:-'-:':236, ; |lie method of 

25 : ; . ■■' -■• .7" 7 7 ; 7 . ' ; .: 77.-. , .; : ' 7 -7 . ; • .' 7 : 7 7 '"■ \ 77 " . ■ ■ : i 7 

237. : The method of claim 206, wherein said constimct is free ^^fr^ 
association with transfection-facilitating proteins, viral particles, liposomes, 
catibriic lipids, arid! cal ciurri phosphate precipitating agents. 



•30 



: 238:; i the ; : nirttiod Vof claim 20(5, wherein said construct is 
admmisteredi .a a complex of said f i ^construct ; and one or more datiohic 
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compounds selected trom consisting of cationic lipids, cationic 

peptides; catiom mixtures there^ 

23 9. ; The method of claim 23 8, wlierein said; one or more cationic 
5 compounds are one or m^ 

240^; ^ method of claim 239, wherein said catipm = v ,:; 

seiecte|d from tH^ • 
2j3-bis(tetr^ecyloxy)r 1-prop 
1G ::dimrthyl^3-bis 
■ ; ; aminppropyO^ 
5-qarbipxysp 

phophatidylethariolamine 5-cart 
dimethylamino)ethane]-carbomoyl^ 
; 15 ammonium brbriiide,^ 
:2;3tW 

^ dimetHylamin^ 
: diniethy 

• :dilysyty ' . . • 

20 %droxyethy lamihe) :^d 3;5-;(N,N^d^ 

: : r d^ 

.241; Th&meth^ wherein said cationic l^ids cb 

25 propaniminium bromide 

242. The method of claim 239, wherein said complex further 
comprising one or more neutral lipids, 

30 : 243 : The method of claim- 239, wherein ^ : ; 

1 ,2^diole6ylrgiyeem-3^ 
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_ _ 244. The method of daim 242, wherein said polynucleotide^ : 

';. " construd is cbmpiex^ with <±)^ 

bis(tetradecyloxy)- 1 -propaniminium brOmide arid 1 , 2-diolfepy 1^-gly cerb-3 - 
phosphoethandlamine. .. 

245. The method of claim 244- wherein the ratio of skid 
• polynuc!eptide;:c lipid is about 5: [ to about 1: 1 . 

246. : The : metfc of claim 206, Ayhereih; i said ; : po 
10 cbnstairt is m 

dioleoyl-glycerp-3 -phosphoethanol^ such that the hiass ratio iof VfriiS 1 : 
(SEQ ED 1<Iq ; 4) :t<i lipid is frcyrri iabchuit i 5 : l;to: ; • 

x j5 •: : 247; The: method of claim ;: 206, wherein said polynucleotide 

■ construd is VI^ • -..^ 

N,N^ and \T,2- 

dioleoyl-gly cero-3 -phpsphoethanplamihe such that the mass ratio of VR4 1 12; 
' : (SE^ ro lipid isfrom about : 

: 248: The m^ of claim 206, Wherein ^ ^ 
construct is Wl l 03 (SEQ ID ;No: ■ i25) ' ■ coj^ : (±)-N-(2- , v: 

hydroxyethyl)-N;N-dimethyl-2,3-bis(t 

bromide and 1,2-dioleoy^^ < 
25 ratio of VR1 1 03 (SEQ ID No. 25) to lipid is from aboiit 5: 1 to about 1:1, : 

249. The method of claim 2 13 , wherein a polynucleotide construct 
comprising : a DN A molecule encoding interferon ^ isj administered to treat 
ov^ian-cara 
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20 



25 



30 



250; The method of claim 21 3 , wherein a polynucleotide construct 
^9T^P^. S ^4S ? : PMA ^molecule encoding i nterferon ; co i s administered to treat 
metastasis of ovarian cara ; 

5 251. The method bf Claim 2 13, wherein ; a polynucleotide construct 

comprising a DNA molecule encoding in^^ adrriinikered to treat 

: ovarian carcinoma. ; 

252 . : ; The method of claim 21 3 ; ^herein : ai ppl^ 
10 comprising; a 
metastasis of 

253 . : The method of claim 213, wherein a polynucleotide construct 
comprising a DNX molecule encoding; an iriterleukin-2 is administered to treat 
15 melanoma. 



254. The method iof claim 21 3; wherein a polynucleotide ; construct ; 
comprising a DNA molecule encoding an interleukin-2 is adm treat 
metastasis of 

255 The method of any • on e of claim 206, wherein said 
polynucleotide i?:;D>NA dperably linked to a promoter; : 

256 . The method of claim 206, wherein said polynucleotide is RN A; 

257. The method of claim 206, wherein said polynucleotide 
construct further comprises a^^ 

molecule; 

258 : : The method of claim 206; wherein said polynucleotide 
$pnstru^;fu 

cytokines; . \. ==i =■ • : " 'V- .^i.:,/: '■. 'ft :ft£ . > ' ft/,/ '■ ft\ . . 
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259. THe ; m claim :;206^ 

comprises a region 

5 260; the method of claim 259, wherein skid region regulating gene 

expression is cell specific or tissue specific. 

; 26 1. The method of claim ^ or 
. tximor tissue specific; ■ 

262; ; A : raethbd of treeing cancer, or ^ metastasis therep^^ a ; 
ma.mmal, comprisihg^ 

the method of claim 227 in combination with one or more additional 
cancer treatment methods selected from the group consisting of surgery, 
15 radiation therapy, chemotherapy, immunotherapy, arid gene therapy; > • 

263 The method of claim 262, said polyhucleotidt 

construct ; is administered prior to the commehcemerit of iMd brie ^b^" : iiibre : - 
additional cancer treatment methods. 



20 



264. The method ; of claim 262, wherein said polynucleotide 
cpnstruct is administeredi during M 
c^cer treabheht methods; -' 



25 



265. The method of claim 262, wherein said pdyxiuclebtide 
construct is administered after the end of said one or more additional cincer 
treatment methods • . v. ■ ■ - 
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. . SEQUENCE LISTING 

' <ii 6> iVicAuii;::; >;:.-;-: 

\Hprtbn^ ;:Holly : " - : 
V : ;: 'Parker',- Su«:zann^ 

■■ : M a nt hb'rp e v : : : - -Mar s tbii x I' ';■ 
■ Feigner, -'Phi-lip-. 

< 12 0 > T re a tmentv p f . G ancer; Us i n g Cyto kine- Exp res si n gV 
:'- Polyriueleqti^ 



<136> 153.0. :006PG03 



: <i4p> ■ - ; • .'a : •' ' '.:•:;}:.;;•: 



<150> US 60/0 67, 087 
:<151>: : 1997-11-20- 

: ;:<:15p> . ius:; 60^Q79^914 . 

,< 1.5 !>., 1998-^)3-30 ; : : v : . ;t . 0. v 

<150> . US • 60/100, 820 v 
• <151> 19 9.8- 0 9-15 ;. ' 



<160> 26 



<17.0>, .Patentln V.er. 2 .0 



<21p> 1 
,<211> 5428 



<213>: : : 'Homo : ;. sapiens:-" 



<400>: l . ■ ■ ' : .. 

tcgcg.cgttt . cggtgatgac . ggtgaaaacc tetgacaeat .gcagctcccg gagacggtca ; 60 



ca gcttgtct .• gtaag cggat :; gc cgggagca \ gac aagcc eg .-t cagggegcg : : t : c.a;gegggtg 120 
1 t ggpgggt g ■ : t eggg gc t gg :ijc 1 1 a act a t g egg cat ca ga ; gca g'a tt <jt : a . ; ic t gagagt ge; : 18 0 : 
a c ca t at gcg gtgtgaaata. : c cg'cac a gat gegtaaggag aaaa t a e'ege •'; a t ca-ga t : t gg ; : 2 ;4 ; 6 
etattggeca . ttg catacgt>%gt a t ccata : t cat a at a tgi. ; ta ca tt t a t a 1 1 ggc t catg : :3p0 
:tccaacatta. ccgccatgtt : ■ -gacattgatt:;;attgactagt" ^tattaatagt aa.tcaattac 360 
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■■■■ : • • ' • ' ■ A.A;'- '}.. ^ A - : ' " w A ■ ' : • 

: ..gg^gtcatta : gttcat^^ catat atgga . gttccgcgtt acataact ta Tc^gtaaatgg ■ 4 20: , , 
..cccgc^ggp- tgacc :cg : tatgttcc 480 

: catag|aacg : ; :ccaataggga. ci ttcicat "t g: ;a.eigtc;aa tggi/^tggagla tt /tacggt aaac 540 ■ 

■ tgcccadttg gc a g t a c a t c a a gt gt a t ca tatgc.caagt acgccccctittgacgtca^ 600 
t ga egg t a a a. t : ggc cege c t; g^cat; tat;gc ■'ccagtacatg : a c c 1 1 a t g g g \ Sc t .tt cci a c "660' ' 

■ottggcagtac :atcta'cgtat..tagtca 720 
icatcaatggg cgtggatagc ggtttgactc a egggga t 1 1 ., cca a g t c t ec accccattga 78 ; 0 : 
cgtca.atggg agtttgtttt;. ggcaccaaaa .teaaegggae' fct teeaaa '. 
ctccgcccca ttgacgcaaa: .tgggeggtag gcgtgtacgg. .tgggaggrc*: atataagcag : 900 
■agetegttta gtgaafctgtc'/agatdgectg ■ ■gafacgecat : ccacgctgtt : '.ttgaectc'6a 960 
tagaagacac egggaccgat ccagcct.ccg eggcegggaa eggtgeattg gaacgeggat 1020 ' 

. tc^ccgtgqc ; aagagt. gaqg ; taagt acccjc eta tagaq t c -£3 t a ggcaca beect 1 1 ggc 108:0 : : 
tettatgeat . gctatactgt ..ttttggcttg gggectatae acccccgctt:^ : ". 
taggtgat gg :tatagctt ; a^ accatt:att : g :; acc^t'cccc^izdo: 

tattggtgac gatactttcc ; attactaatc: cataacatgg c t c 1 1 1 gec a ■ .ca a c t a t c t c 1260 . : 

: tattggctat atgecaatae /tctgtccttc. agagactgac a egga c t c t g t a 1 1 1 1 1 aca ; 1 32 0 : : : 
ggatiggggtc ccatttatta,:tt.tacaaatt cccccgtgcc 13 8.0: • • • 

cgcag.t.ttt.t. attaaacata gcgtgggat: c tccacgc^aa; tetegggtae; gtgttccgga 1440: : 
catgggctct . t:ctccggtag eggeggaget tccacatccg agccctggtc cc^tgcctcc 1500 ; 
ageggctcat ggtegctegg cagctcctt g , ct cctaacag tggaggccag: acttaggcac 1560,: 
agcacaatga c^ 1620 . ' 

gaaaatgagc gtggagattg ;ggctcgcacg getgaegcag atggaagact : taaggcagcg, 1680 \ 

gcagaagaag .atgcaggcag ctgagttgtt gtattctgat :. aaga^ 

gtt gcggt gc tgttaacggt : : ggagggcagt .: gtagtctgag ; cagtactcgt^ lfroO 
■cgcgccacc^ . ga;ca taa'^B 
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'■' .gctgctctct -gggctgtgat ctccctgaga .;|cccacagcct ggataacagglaggaccttga: : 1980-; : ,; : V. 

■ : : -./; " ;tgctcc£ggc ac'a aa t.gagc : : a ga a t c t c t c\ cttcctcctg ■ tctigatggab-" :agacaig^ct: ; 264fo : 7>' ; ' ' 
" ; ttgga1:tt:.cc ccaggaggag tttgatggca 

: t;cctccatga gctgatccag,:i cag^ cacaaaagat tcatct -'' 

., :/ e ttgggatga : ggacctccta gacaaattct gcaccgaact : : ctaccagcag : : c t ga a t g a c t 2 2 2 0 ' 
: ;• tggaag'cct^ iigggaga^ -i'2B$',]i 

^i^^^^ggc ,tgtgaa^aaa t a c 1 1 ccg a a v g a a tea c t c t ; ctatctgaca- 
PV : ';; : : : ,'' ■ ; acagcccttg: tgcctgggag gttgtcagag cagaaatca^ . '! . 

• ■■■Saaacttgca agaaaga 1 1 a : agga;gga : a.gg. aataaggat^ 

. gttgccagcc a t c t g t t g t 1 : t g c cc c t c c c ccgtgect'tc cttga : • 

' - ctcccactgt : ' : ;cctttjqctaa-t^ 
•" .;• a ^?ctat: tpt: .ggggggtggg /btggggcagc: acagcaaggg ;ggaggattgg ;.'gaa;gacaa ta' .264 0 : 
:•: geaggcatge - tggggaig^ 2 7 00 ... 

■ gttcctcctg.Vggccagaaag aagcaggca'cV atccccttct; ctgtgacaca; ccctgtccac' : 27.60 

■ gcccctggtt cttagttcca g c c c eac t c a.V:t agga c a etc a t a gc t c agg ^ :ag gg c t eege 2820 V.- ' 
cttcaatccc acccgct:aaa..gtacttggag cggtctctbc . ctccctcatc a^ 2880 . 
accaaaccta^ : attaaagc^ 

/gggagagaaa - atgccticcaa .cat'gtgagga agta|atga;ga-; gaaatcatag-;aa^ - 
, : gc 1 1 cct cgc : ; t c a c t ga e t c gctgcgctcg gtcgtt egge 30.60- • 

cactcaaagg : c^gtaatacg gttatccaca gaatcagggg ataaegcagg ^aagaac 3120 ; ■ 
.tg.agcaaaag gcca^caaaa; .:ggccaggaac/,cgt 

: ^f 5. a ^?? t: ^ c ,gcccccctga :;cgagcatcac . aaaaatcgac ; gctcaagtca... 
- - ' aacccgacag igactataaagVataccaggcg"-' 

:; cc :tgttc : c.ga ccctgccgctftac'c^ <gggaa gcgt gi :: !3 : 3.60. " ..k 

■ : . gc g c 1 1 1 c.t c , a a.tg ct cap g c t gt a g g t: a t etcagttegg:- t g t a<gg t c g t : ^ t eg b t c c;a a;g ^ 3 A2 0. 
• : ctgggctg$g : : tgcacgaacc ; : ccccgtt cag: c.ccgaccgct gcgcc.ttatc eggtaactat: 34 8.0; 
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cgtcttgag.t .ccaacccggt aagacacgac .ttatcgccac tggcagcagc cactggtaac.: 354;0 

■ aggattagcaygag^ 

. . ^cggctada^ ctagaaggac agtatt tggt at ctgcgctc" tg^ ■ : ' r ' 
• ggaaaaagag t tggt a get c . ttgaticegge'' aaacaaacca ccgctggtag .cggtggt.ttt. 3720 ' : 

tttgtttgca agcagcagat tacgegcaga aaaaaaggat • ctcaagaaga tcctt.tgatc 37 SO .. 
' ttttGt.acgg..ggtctgacgc tcagtggaac gaaaactcac ; gttaagggat tttggtcatg- 38 4 0 •. • 
• agattatcaa . aaaggat ctt cacctagatc cttttaaatt aaaaatgaag ttttaaatca 3900 
. ■ a t ct a a a gt a : t a t 

cctatctcag cgatctgtct atttegttea tccatagttg .cctgactccg gggggggggg. 4020 T 
gcgctgaggt ctgcctcgtg aagaaggtgt tgetgactea taccaggcct gaatcgcccc 4 050 
atcatccagc cagaaagtga gggagccacg g.ttgatgaga : gctttgttgt aggtggacca 414 0 ; 
gttggtgatt ttgaactttt gctttgccac: ggaaeggtet : gcgfctgtc^ "4200 ■■ 

gatctgatcc ttcaactcag caaaagttcg atttattcaa caaagccgcc : gtcccgtcaa 42 60 
. .:gtcagcgtaa tgctctgcca ..gtgttacaac caattaacca attctgatta^ gaaaaactca 4 320 • 
, tcgagcatca aatgaaactg caatttattc. atatcaggat tatcaataec. atatttttga 4380 

aaaagccgtt tctgtaatga aggagaaaac tcaccgaggc agttccatag gatggcaaga 4440 ' . 
: • tcctggtatc; ggtctgegat. tccgactcgt . ccaacatcaa ta.caacctat^taatttcccc,. 4 5C0 

■ tc g^ Ga ^aa^ 'taaggtta 
.aatggcaaaa:; gettatge^^ 

. . .. . tcatcaaaat cactcgcatc aaccaaaccg ttattcattc gtgatt.gcgc y ctgagegaga. 4.6.80 :. 
egaaataege gat.cgctgtt aaaaggacaa ttacaaacag gaatcgaatg caaccggcgc 474 0 
. ''?9'gaa;cac^ 

'tggaatgcig': : t'ttt ccc'ggg-;igat'c 
■ ; , ; ataaaatget tgatggtcgg aagaggcata • aatt ccgtc^ tct^accat ; 4 920 ' ? 

■ • tcatctgtaa ; catcattggc aacgctacct ttgcca-tgtt' tcagaaacaa ; ctctggcgca 4-98 ftpv 

. ' tegggcttcc catacaatcg atagattgtc: gcacctgatt gcccgacktt :ategcga$cc1 \K/ 
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• ': : t ; t ? cc V 9 at a ^ aa a tc agcatccatg : t t gga at 1 1 a a t c gcg g c c t ; cgagcaagac 5l00; - : : 
"■' : 9tttccc<3tt;;g^ ■ c 1 1 g t a 1 1 a c. . t g ttt at gta - a gcagii c agt • .'516 0 S 

■ : • 1 1 1 a 1 1 g 1 1 c . at ga tg a ta% ; att 1 1 ta t c t : tgtgcaatgt^^ 

V acaacgtggc Vtttccccc : tgaagc : attt. : ;atc^gggtta : : 528a 7 

• agGggataca tatttgaatg tatttagaaa; aa^ tagggqtt : ca::gcgca^ 

• . _ : :;'Gcecgfaa|agy^ 

■ a a t a g g c g t : a • : t c a c g a g g c c : vc 1 1 1 o g t c ■ • '>% '.; ; : ^$2& 

' :' ; ;<2:10>'2 : ;L : :^. /^'i'^.;' , • ' V ! '■ ' : \ [ = . .', i " 7 ' ' i ' ^ " ' ' ' 

<211> 5259.V '■' • • ; : ' : . :. ^V^. ^. ■ ' ':■/'■%■'{:■'•, V • :,>.■' 

:<212> DNA { • '^'i' .'V : : : . / .. . . • '^V:;/ ' , ^l-W}:.:' ■ 

<213> Homo: sapiens : : , j " •• ■ J' '■" : : i r - ■■ ■ . V-v' • ' ' ■ : ; :- : '. ;: v.--' : 

: <4 00> 2 y:-.'>\:; : '- - :.C :.y.:\ ■ ■ v- ' ., v' v. : ; --J^ ■ ' : - S ■ 

: • ! :- '^?^^ t r t : ^^gtga^gac: -^gtgaaiBacc ;tctgacacat '.g<^gct^ 6.0 ' f..;-. ■ 

; : ^!?ttgt.ct gtaagcggat gccgggagca : gacaagcccg. tcagggcgcg: 1 t c.agcgggtg 120 ■ 

' .. tt 9^9ggtg .tcggggctgg ; cttnactatg -Gggcatcaga: g 18fr;- : "^' 

acGatatgpg^.g gcgtaaggag: : .aa;aata 

'. ctattggcca: ittgcatacgt.^ 

: . ./' t a 1 1 a a t a^t ; a a tea a 1 1 ac 3 60-.} 

:ggg^tcattaV'.gt;tca^ : gttccgcgtt acat aactta' eggt aaat gg 42a"'?'. v :. 

•cccgcctggc tg^cegpe^ tea a t a a' t <^a: , c g tat gt t : ic ■: 480 

.'. . ^ ata gt : aac g''ccaat'ag gtggagtatt i tacggtaaac 540' 

tgcccacttg gG^agtacatc, aagtgtatca: tatgecaagt acgccecct^ 600V 
' :t gacggtaaa tggcccgcct : ggcattatgd . ccagtacatg accttatggg actttcctaG 660. .. 
_ ' . W ggcagt;acV a t c ta cgt at. ; tagtcatcgc;;:tattaccatg ;;gtg^ 7 "2 '0 

■ V :.catqaat|fig.' ; cgt;g;ga$*^g.c ::.ggtttgactc : ;;acgg • 
• 9.gtcaatggg: .agttt^ ., 
; : Pt cdgcqcqa ttgacgcaaa; jtgggc^gtag :^ ' 
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agctcgttta -gtgaaccgtc agatcgcctg gagacgccat .ccacgctgtt ttgacctc.ca 960;. ■ 

tagaagacac icggga:G^ ; c ggt g c a 1 1 g : : g a kc$c§0t*- 10 2 a : ■'. 

tccccgtgcc aag.agtgacg. taagtaccgc:;'ctat:aga'ctc tataggcaca :cccctttggc • 1080 • 
; . tcttiat^cat g c t a t a c t gi ,t 1 1 1 gg t t ; t. g , gggcctatac: .acccccgct'i; : cct.t^t:;gcta' : ; l : :i : :4 : p; : ^.'- : . 

taggtgatgg tatagcttag cctataggtg . tgggttattg : accattattg iaccactcccc. 1200 
■ t at tgg t gac; ; ga t a c 1 1 tec : attactaatc . cataacatgg ^ 

. . t: a 1 1 g g c t a t . ; a t g c caa t; a t c t g t cc t: t c a gag act: ga cl abggact ctgj : : t: a 1 1 1 1 1 aca vl320 ' ;,: 
.g.g a t gg g.g : t c • / °^ a £ :t t-a t;t : a • t ;a c a a a 1 1 ;:cacat at aca vacaacgccgt x c^ ; : 13 8 0 • 

• cgcagttitt '.. attaaacata : gcgtgggatc.^t^ : q0: ■ 
■ea'tgggctct.tctc^^ cc a t gee t cc :I5() 0 : \. : : 
ageggctcat : ; : 'ggtccctcgg : cagctcct t g; ct cctaacag tggaggccag acttaggcac- .1560; 

. agcacaa.tgc ccaccaccac .cagtgtgccg \cacaaggccg . t g g c g gt a gg g t a t g t g t c t : 16 2 0 
: gaaaatgag 

:gcagaagaag at'gcaggcag ct gagtt gtt , g t a 1 1 c t ga t ; a a gai g t c a g a ggtaactccc' 17 
gttgcggtgc t gtt a a egg t ggagggcagt gtagtct.gag: cagtactcgt . t get gecgeg 1800 : 
.cgegccacca ; gaea.taat a.g; ct gacagact . .aacagactgt- ; ; tcct 1 1 cca t : gggl: c tt 1 1 c 18:60. : 
^■gc^g:atggc . : ct pgecc|;t 

gctgc'tctct : gggc : tgt9at ctccc cccacagcct ggat aacag.g aggac.cttg.a ; : : :l 98 0 

tgctcctggc acaaatgagc^ t ctgat ggac agacat gact : 2 0 4^ 

ttggatttcc ccaggaggag. tttgatggca ; accagttcca gaagg 

• tcctcciatga:; getgateca^ 

cttgggatga ggacctccta gacaaattct gcaccgaact eta cca g c a g • : c t ga a t g a c t 2 2 2 0 
:t9gaagcctg ; ;tq^^ 2280 : 

^ catctt W c :l tgtg : t acttccga'aUgaat cactct , : : ct at ctgaca- . gagaagaaat: : 2340 : \ ■:" ."• " 

: icagccG$*-g^ gagatecctc^ tctttateaa 24 00 ; 

caaaett^ : a at a a g g a t c -c agate t act: • t c t ggc t a a t ; . 2 A i 6 6 
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,'. aaaagatc.ag:; agctctagag . atctgtgtgt . tggttttttg tgtggtac.cc aggtgctgaa 2S26 : •:-. 
gaattgaccc ggttcctcct gggccagaaa: gaageaggca ca-tctfcct^ 
;r : '-,:';:V; ; ' ; '/'':',; • accctgtcca' cgccGc^gg^^ •' : 7' ; . ■••/'; ;"• : • 

■ V "■ gagggctccg ccttcaatcc.cacccgctaa^ cctc'cetcat ; : 2700 ; 
cagcccacca ;aaccaaacct : agcctccaag: .agtgggaaga aattaaagca agataggcta 27 60 
V ttaagtgcag agggagagaa aa t g'cc t cca a ca t g t gagg - a a gt a a t gag •agaaatGat'a - 2820 
gaatttcttc: .cgcttcctcg ctcactgact cgctgcgctc ggtcgttcgg ctgcggcgag 28 80 
c 9gt a ^cagc ; ;tca gataacgcag\294 0 . 

gaaagaacat: gtgagcaaaa g .gccgcgttgc ;.30;e ; 0: , 

tggcgttttt . ccatzaggctc cgcccccctg acgagcatca caaaaatcga cgctcaagtc 3060 ; 
. • agaggtggcg.. aaacccgaca ggactataaa gataccaggc gtttccccct ggaagctccc 3120 

■ tcgtgcgctc tcctgttccg accctgccgc ttaccggata cctgtccgcc •tt'tctccctt 318 0 
cgggaagcgt : ggcgctttct caatgct cac gctgtaggta tctcagttcg gtgtaggtcg 3240 
ttcgctccaa gctgggctgt gtgcacgaac cccccgttca gcccgaccgc tgcgccttat .3300 
ccggtaacta tcgtcttgag tccaacccgg taagacacga ctt.atcgcca j ctgg.cagcag :3360 . 
..ccactggtaa caggattagc agagcgaggt atgtaggcgg tgctacagag ttcttgaagt - 34:2:0. \ 
: ;ggtggcc : taa c.tacggctac : actagaagga- cagtat-ttgg tatctgcgct /.ctgctgaagc :: : 34 : 8 0. (■ 
:•:•:; cagttacctt cggaaaaaga:. gt tggt agct cttgatccgg icaaacaaacc-.accgct.g^ 

. gcggtggitt ttttgtttgc/;;'^ 3!6'0pV" 
' atcctttgat cttttctacg /gggtctgacg ^ cgttaaggga 3660 

. : ttttggtcat gagattatca aaaaggatct tcacctagat ccttttaaat taaaaatgaa 3720 
gttttaaatc aatctaaagt atatatgagt aaacttggtc tgacagttac caatgcttaa 3780 
tcagtgaggc acctatctca gcgatctgtc tatttcgttc;: atGcatagtt ^cctgactcc 384 0- ,/ 
.' . gggggggggg : .ggcgctgagg tctgcct cgt gaagaaggtg: i ttgc^ . 3900 • ; : . ;:|; 

.'- tgaatcg&c'c/: catcatccag, ;Gcagaaagtg, agggagccac .g^ 3960 .->;;. 

... taggtg^acc ^gttggt 
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ggaagatgcg • tgatctgatc^^ acaaagccgc 408:0'' 

■ ' ' cgt cccg.tca;;: agtcagcgta atgctct gcc : ;agt:gt;tacaa ."ccaattaacc:, a^ 4140. ; . , 

, agaaaaactc . atcgagcatc / aa'atgaaact- ■gcaatttatt : cataVcag^ ' 
■;• - catatttttg tt c t £t a a t g • a a g ga gaa a a \ : - c t c a c cgag g" cagttccata ;4260 " v' 

ggat^gcaag atcctggtat: 432-0 "> 

tt:aattt£icc;Ctcgtcaaaa' a 4 36 Ox ; 

'"'.:'.[ ; a^t ccggtga;gaatggcaa : a : agctt^^ 

■ "cattacgetc gtcatcaaaa • tcactcgca^ 4500" " : V 

. :/. cc g^aatc|aat 4 560. - 

■ ■ gpaaccggcg.: ■caggaacact" . gccagcgcat-^ca^ .:-4 620^ : • 

cttctaatac ctggaatgct: gttttcccgg ggatcgcagt ggtgagtaac catgcatcat 4680 \ ;. 

■ caggagtacg-vga^ 

gtctgaccat ctcatGtgta ,acatcat.tgg /caacgctacc tttgccatgt ttcagaaaca 4 800 " 
• . ac.t.ctggcgc. -atcgggctt c cca t acaa t c; . ga t aga t: t gt . . cgca cctga t " tgcccgacat .4 8 $0 : -'\iJ: 

' ■ ■■ tatcgcgagc ccatttatac .ccatataaat. cagcatccat gttggaattt aatcgcggcc 4 920 • I-//-' 

. tcgagcaaga cgtttc;c"cgtf ; ; tgaatatggcl-.tcat aacacc: dcttgtatta .ctgtttatgt 4 980 • 
,. aagcagacag -ttrtattgtt :tcatgatgata' ■ t 
.ga'ttttgaga. cacaacgtgg/c^ ttgaagieatt tatdagggtt 5100 : ; 

. attgtctcat ::.gagcggatacvata^ gtatttaga^ 5 X§&.' : ' : - 

cgcgcacatt : t'ccccgaaaa gtgccacctg- ^ 
. •': taacctataa. aaataggcgt. atcacgagge xectttc'gtc ' 525i9 

' ' : ■ <210> 3 • . : • : . v • ■ ■. , ' ... . . './ ' :■" ,. • ': •" . .' / . . ; ' x .; : ;. • ' ' 

>;"}■■■■ . " -''''y--x<2ii>/^ " ." x ; ■'■ - :: ■ ■ . x^-: ." : :%-.'x ' X' : . : ;/:.-;r r p:' : [- X: -'it^H^ 

i;^;: ; -r ; -I'- - : ; • ■ : xX>; : ^^ , : .. : - , ; ' ■ ■ • . : ' x xxx ', ■■ x ; "^ v! ?="■-.,: v - x ■ ixYx- ^''/^ O. ^ 

;X- :> '\. ^<2 ; 13>' Hbirio ; :. sapiens ■= x. ; x' • : ' . : . .'. . • V:.\XX\ • • ' -x xx V -;'^:-:;':- x- 

; .7 <4'00>':.a'. 'X : -" 'xJ • ••. X . \ : . : : .. ''i : V" . . ' :''V^[- . : , . V''^^^^^ 

; J-' : ^"Cg^^iC^t tt' . :Cggt gafe^ :;; :/. ^'^S 

■ ,-;Gagct;t:gt:Gt gta;agcgga t^gcc^ ■icagggcgeg}. : ;£ ; ca^G^g^ 
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ttggcgggtg,..^ i:^-^ 
: ■ accatat.gcg .gtgtgaaata. :jccgcacagat 240: 
■ ctattggcca ;.Hgcatacgt tgtatecata . tcata^atatg • : t a ca£tMt a . ;t t gg c r c a t g : ii$<i'-\. 

tccaacatta = ccgccatgtt : gacattgatt attgactagt; ; iaatcaattac'^ 

" ggggtcatta gttcataqcc cata^atggavgttccgcgtt^acataa 
: cccgcctggc tgaccgcc.ca..'.a 
V.catagtaacg ^ccaataggga,; ctttcca 
: ' : tgGcpactig .gcagt^ 

:.tgacggtaaa . : :tggcccgcct ccagtacatg ,acct^a^ 6;6.0 

:.ttggGagtac. atcta tagtcatcgc ttt^gcagta" ^ : / ■ 

. catcaatggg cgtggatagc ggtttgact ; c : :acgggga : ttt■ :qcaagtctc6 ■ .^ccccatcga .780 
• cgt ca a t; ggg a g 1 1 t g 1 1 1 1 ; .^gc a"cc a a a a"; tcaacgg^ac : tttccaaaa^ - : 

ctccgcccca: : ttgac Vgcgtgtacgg ; t gggagg t Gt^: a tat a a gc a g; • 9 0.0 

■agc.tcgttta -gtg agatcgcctg gagaGgccat. : ccacgctgtt / 

tagaagacac cgggaccgat ccagcctceg cggccgggaa cggtgcattg • gaacgGg^at. ;1020 1 
tcccc^ tataggcaca cccctttggc :1080 ' - 

tCttat9C - t ' 9 ^ tactgt ;::tt tt ggcttg ..gggcctatac : accccGgctt : :;ccttatg.cta ll^O, 
•taggtgatgg •tatagctt^ 12 p6 , 

' tattggtgac gatactttcc.a^ 

tattggc.tat atgccaatac tctgtccttc agagactgac acggactctg tat titraca 1320 ■ ; 
gga.tggggtc ccatttatta tttVcaaatt \ca^ 

cgcagtt.ttt attaaacata gcg.tgggatc : ':tccacgcgaa tct.cgggtac: •gtgttccgga 14 4 0 V 
catgggctct tctcGggtag Cggcggagc^ ";-H;: : ; v 
agcggctcat ; ggtcgctcgg .cagctccttg detect aacag .tggaggccag : acttaggc4t;;ii60. 
^geacaatge vccacGacc^ 

gaaaatgagc : ^ggagattg Iggctc^cacg. . gctgacgcag : atggaagact :-t a a ggca g eg : -1 6 80 ' If .'; : : • 
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-" : .';r' ... gcagaagaag atg.caggcag ctgagttgtt .gta'ttctgat . aagagt caga ggtaactccc 1 74 0 

• ■ gttgcggitgc itgttaaGggt -ggag •tgctgccgeg 1800 ■ 
icgcgccacca gacataatag ctgacagaet- -a •tcctttccat gggtcttttc 1860 

; tgcagtcacc gtcgtcgaca : cg.tgtgatca gatatc^ ■ 
ctggcagecc tagt gat g : ac , page tata^ 
' .cagaaccatg: :: gc.ctacttag. cajggaa'eaeeH^ 204 0 : 

tcccctttct .'tgtgtctcaa xggajcagaaga gaicttcaggt tccccca;ggay;gatgg : fcaa ; aa' ■;2!i'0'0 

• ; gggagccagt tgcagaaggc ccatgtcatg tctgtGctcc atgagatgct : gGagcagatc 2160 

ttcagcctct tcqacaeaga -gcget gctgcctgga acatgaccct :,cctagaccaa. 2220 

ctccacactg gacttcatca ^caactgcaa cacctggaga : cctgcttgct ::gcaggtagt^ 
; gg.^aaggag -aatc 

^ : . . ggaagttgtc ,2^:00 

a g a. a t g ga a a . t catgaaatcc t t;g tfcc 1 1 a tcaaeaaaca;/ tgcaagaaag'.actgagaagt : 24:60 
aaagatagag acctgggctcv atcttgagga tccagatctg ctgtgcc.ttc. . 
:.ccatct'gt.t;g tttgcccctci ccccgtgcct tccttgaccc tggaaggtgc - caGtcccaGt 2580 . 
:.gtGctttcct . aat aaaatga : . ggaaattgca tcgcattgtc. t g a g t a g g t g t c a 1 1 eta 1 1 • 264 .0 
. V ,Gtgggggg ; tg g.g.gt'ggggea;. ■Igcaeag.Gaag ggggaggatt : gggaaga^ tagcaggcat -2700 • .• 
gctggggatg: ,cg^ eaggtgctga: .•agaattgacc cggttcctcc 27 60 

; tgggccagaa; agaagcagga 

: ttcttagttc Gagccecact cataiggacac tcatagctca; ggagggctcc gccttcaatG 
■ ccacccgcta aagtactt gg ,:a^g ' ccctccctca tcagcGGacc aaaccaaacc: : 29;4 0 

.:" V;feagect ccaa gagtgggaag : : ^^ -3.000 
■ -aaktgcct'cc :.aa : cat.gtgag; gaagtaatga gagaaatcat : agaatttctt ccget t : cct c : 3060 : " 

gctcactgac : : tcgct-gcgct /cggt% 3120 
; : ; ggcgg:taata ,:.cggt ..ggaaagaa.ca t gt g^ : gcaaa; : : .31 8.0 '. : 

aggecageaa aaggccagga ■■< :accgtaa aa a -; : ggccgcgt t g : ct ggcgtttt t cca t aggct • 324 0 
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■■ ; •' • ccg ccGC.c ct: ; ; ga c.gagca t c: :i a c a a a a a t c .g : a eg c.t c a a gt c a ga gg t g g.c .: g a a a c c c g ae ^3300 .' 
■ . aggactataa agataccagg .cgtttcccec .tggaag'ctcc: ctcgtgc^ 3360 
::gaccc.tgccg rc'ttacc^ • .: 

. teaatgetea cget ggtgtaggtc: gttcgctcca;: a g c t ggg c t g ;3:4 80 :.' 

tgtgcacgaa ccccccgtt'e; agcecgaccg; ^ 
• g t c ca a c c eg . • g t a a g a c a eg. acttatcgcc actggcagcaV gec 
. .:.cagag.cga;gg. :tatgt:aggcg gtgetacaga ; gttc t ggtgg.ccta a c t a c g g c ta ; . 36 6 Q. • : : 

• ^ctagaagg acagtatttg gtatctgege tetgetgaag c c a g 1 1 a c c t t eg ga a a a a g 37 20- ' 

'; • :.agt:tggtagc .tcttgatccgi:g gtttg 378 C ■"" 

caagcagcag a 1 1 a eg cgea ;i ;ga a a a a a a g g ;a t etca ag a a. gat cct ttga t ct 1 1 1 ct ac ! - 38 4 0 

• ' ?9gg.tctgac : gctcagtgga: .acga;"aaa : ctc. :acgttaaggg attttggtca tgagattatc ; 3900 : 

:aaaaaggatc ttcacctaga tccttttaaa^ttaaa caatctaaag 3960 ^ 

:; : x;:;{ : l:ta;ta^at;ga9. taaact tggt ;0 ; ctgacagtt a • ecaatget-ta .ateagtgagg cacc^aic^c^;A020 

Xagcga'tcigt etatttegtt; catccatagt; tgc gggegctgag 4 080 
■ ^ct^cctcg -:tgaagaaggt- ; ^ 

gecagaaagt gagggageca xcggttgatga gagctttgtt : gtaggtggac cagttggtga 4200 

, -ttt^gaactt ,t .... 

'--p^tcaactc' ageaaaagtt: cgatttattc .aacaaagecg. cc^ 4 320V. 
' : ^^99tptgc : : : cagtg^ 

caaatgaaac tgcaatttat : > tcatatcagg attatcaata ' ccatattttt gaaaaagccg 44 40 

. ;tt£ctgt:aa;t : ^ actcacegag : . gcagttceat aggatggca 4 500 .: 

. . ' ■tcggt.pt ggg attccgactc :gtceaacate aatacaacet'/afctaa V v 

vaataaggtta t caagt gaga,: aat caeca tg.:.;ag t^ : #62(>:J- 

; aagcttatgc:;:; attt c.tttcc agacf tgttc; aacaggecag; ,cpat^ egt catcaaa >4'680 ••M:-;.;-; 
.stpactegca': tcaac^^^ 

■ ' ; g£g££tgpt:g: .:-t;t;a"aaag.ga;e::::^ 
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. .tgcckgcgca^ . : a t.ca gga t a t. • ;t c 1 1 ct.aa t a , cc t gga a tgc 4 8 6.0; i 

..;tgt;tl;tceeg ;gggatcgcag; : • ggataaaatg ^ 4920 , 

: ct ^9 a ;tggtc : ; ggaaga;g : gca taaattccgt .ca^ccagttti^agtctgabca tczcatctqt:' A9&6-- ' 
: yaaca.t^ tttcagaaac a a c t c t g g eg. : e ate g g g c 1 1' 504:0- 

c c e a t a c a a t eg a tag at t g tegcaectga z tgcecgaea: tt at cgegag : 'eceattxat;a:; :5$0i0 ; 
^ c ce a t a t a a a t e age a tec a . : t g 1 1 g g a a 1 1 ■ t a-a t cgeggo. : c.t ega gea a g^a cgt ^ 5 1:60; • ' 

'. ttgaatatgg ;etcataacac ■■acfcgtStatg^ t^ ;•">' 

tcatgatgat ata£ttttat .cttgtgcaat gtaaca tcag agattttgag acacaaegtg 5280 . 
• --gpttpt-fc^ itgagcag^^ • 

"";/^?^^;^93a; : tg;tat:t : taga :a a a at a a a c a . a at a g g ggt t .:• ; e e g c g^ ccc ga a a"; •:• 54; CO 

. \. ' agtgccacct . gaegtctaag aaaccattat : ;tatcat.gaca. t'^aa'cetia ta aaaataggeg 54 60 '. "\ 
•, ' /■ - : • t at ca cgagg rcchp t tegt c " . : ".\ ■ • (■'■■^/.'' • •v/: : v : ;:'V i 54 8 o v "■:■%'■!■ 

'^■^■M . <2ip> : ^' :: ■ : " : : : : f:p; ;>-v : <^'' • . ' " '-'if--: : '- : y' y "^ y W- " : ^-M' ■ : "= - : '= 

'.7' ;-;< : 2ii>' 5322 , . : ^i- \ ■ • ' • ••••fe-'--; v ;■. . ' " v 

' : . <2i-2>:-.DNA:i : ';,- . ,. V ; ^ : •'. •• V. :• v;/!; : ; : . - . '• ^/••>,:. ; : /;^ 

'•„';•■ ;■ <213> Homo: sapiens • • • 'U' : 'y- : . ; - --OV;. ' •'' : >.:•;;•; 

.;• _ ; <4 o.o>.^4 : : : .: : ' ; ■"' ' : ; : . ,; =. .;' ••• . . : - . [ ] :. : " ' v ■ :■ 

tcgcgcgttt ; eggtgatgae ggtgaaaacc tctgacacat .gcagctcccg^gagacggtca 60/; 

• : . : : ; ::eagc^tgtct.' :gtaagcgga^ 

:-; :: ;V ■ • ■ ■ 

: accatatgeg; .gtgtgaaata'^ 'ecgeaeagatv gGgtaagg : ag:;a : aaat : accge, atGagattgg 240:: ; : : 
etattggeca ttgeataegt tgtatccata / tcataatatg^ "' 
• tpc^^atta/ :aatca;attacV3.60 
.;;J:;-.ggggtcatta : - gtt data gcc;;cata'tatgg a ca t a ac 1 1 a: : egg ta a a t gg 420; 

• •I'lcccgcfctggc: tgacegccca acgacccccg cccattga.eg • tea a t aa t ga : : : eg ta t gt: ; fecG : 4 80 

:catagtaacg ccaataggga ctttccattg • aegtcaat^ : ' 
: . tgcccactt^ tatgecaagt: : apgcG;eecta . 
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tgacggtaaa tggcccgcct :g:gc^ ccagtaca^ - 

.. ttggcagtac iatc'ta cgtat tag.t.catcgc tatta^ccat^^ 720 ; : 

c f tcaat'ggg ;;cgtggatagc\'g^ a^ccaz£&a:' : 18Q^ : : 
cgtca.atggg • agtttgtt^ ; t caacgggac : ; : 1 1 1 cdaaaa t : :gtcgt : aacaa ' ; 84;0V : 

Ptcpgpccca ttgacgcaaa ^tgggcgg 900 : " 

.agctcgttta gtgaac^ 
..tagaagacac --cgggaG 
. : tccccgt : gGe.-;:aagagtig:acg : ;^ 

t ct t atg eat • gc t a ta G^t gt -.": ttt t ggct t.g ggg.cctatae : a c c c c eg c 1 1 ^Cctt at §c ta ' .1 1:4 G) : ' .>:;••: 

• ^ : aggtgatgg..tatagc£;t : ag cct at a ggtg ■•t'gggttattg: a gc a tt a 1 1 g/ a cc a 'etc b £0. 1 2 00; • ; 

. .tattggtgac gatacttt^ g t ct 1 1 g c ca • /c aa c t a t c t e * : 12 60' ■ 

tattggctat atgccaataG ;tctgtccttc agagactgac ■ aeggactctg :-t:attttt:aca - ::a520 " 

• gg a tgg g gt G: ■ ; c e a : tt t atta :■ tttac aa.att /eacatat aca : •aGaacgccgt cccecgt gc c ••:138;0 : 
^cgca;gttttt .attaaacata|gc^ 0 : 

catgg.gctct • tctccggtag^cggcggag .tBcacat^ 1500 ■ 

, ageggctcat ggtegctegg cagctccttg ct cct'aacag ,tggaggccag •acttaggcac • :156^ ■ ■ 
. a gca ca a t gc ; .c caeca cc a c cagtgtgccg ca caa ggeeg t ggegg t;a gf g : : gta t g t'gt c t : : 162 0 
vgaaaatgage-.gtiggaga^ 

gcagaagaag •atgcaggcagyctga gt at tct gat .aagagtcaga^ggtaac .174 6 ^ 

gttgcggtgc itgttaaeggt ggagggcagt • gtagtctgag 18 bb . 

cgcgccacea .gacataatag ctgacagact aacagactgt tcctttccat gggtcttttc :18 6cK 
tgcagtcacc gtegtcgaca . cgtgtgatc.a gatatcgegg cegcteta^ 1920/ - 

: t;gt.tccctct aGtggcagcc I ctagtgatga c;cagctatag. : ccctg£t^ 19S0 .. 

gtgat.ctg.ee; .tcagaaccat: : ggectactta gcaggaacac- cttggt = v, 

tgaggagaat -c t c ccct t tp:;: . 1 1 g t gt c t ca :aggacagaag /agacttcagg 1 . t tcccccagg ■ 210.0 . . •; ' 
agatggtaaa .agggag.ccag Yt1:gcagaaggvcccatgtcat^ g" t Gt g t cct c =' : ca t ga ga tgc. 2 160 •• 
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tgcagcagat bt.tcagcctc ttccacacag agcgctcctc tgctgcctgg. aa^ 
V : tcctagacca'; : act"cca;cac^ 
tgcagjgtagt gggagaagga;gaaV^ ; 

■ J ; g9aggtact;t : : ; e^ 

; gggaagt.tgt cagaatggaa atcatgaaat ccttgttct^^ .; 

g ae ^gagaa'g; ; taaa acttctggct^'isio ;•:' 

^ - aataaaagat cagagctcta gagat / 1 tg t g t ggt : a- ; <:cc a gg t get: ■} 25 8 0 : 

gaagaattga.^ aaagaagcag.;' g c a c a t c c c e/; : * i ctc£ <gt <? a^; ' . 2 64 0^ • 

rcacaccctgt 

•.rcaggagg^ct ccgcctt : ca : a : . gga gcggt g t : :::;c : t c dct c I : :i 0 : 

■catcagccca . ccaaaccaaa cctagcctcc aagagtggga agaaattaaa gca'agatagg ..2820 
jctattaag.tg. cagagggaga^^^g 

■ .atagaatttc ; ttccgcttcc . tcgctcactg , actcgctgcg : cteggtegtt^ '■' 

: ga gcggt a 'ic a gc t ca c t ca^ ?a a ggcggf t a a ! ' t a eg gtt a t c cai^ ; ' 

. 'caggaaagaa catgt.gagca aaaggecage ■ aaaaggccag gaaccgtaaa aaggccgcgt : 3060 
. tgctggcgtt . tttccatagg ; ctcdgcccccV : t caca aa a a t ; cga eg c t ca a ,3120. - -■ 

: gtc:a ?^ ggt 9 ' gcgaaacccg acaggactat . :;aaaga.tacca; ggcgt.ttccc • cctggaagct ;31^ 

■ ccctc^tgcg !; bp ctcctgtt :cc^accetgc..' : cgcttaccgg atae 3:240 " 
;cttcg|gaag ^gtggcgctt^t'c^^ 

tcgttcg.ct c , ; caagctgggc-{;;tgtgt g.cacg . aa'ccccccgt ^gctg^cct: 3360 ' . : ' ' 

tatceggtaa etategtett ..gagtccaacc eggtaagaca cgacttatcg ccactggcag 3420 
cagccac^gg : taacaggatt ; ageagagega. :ggtatgtagg. : cggtgcta% ; gagttctt 34:80 V 

.agtggt^gcc ;taactacggc:^ ggacagtatt" tggtatcVg,c. gctc^^gctga- 3540 : 

agecagttae etteggaaaa ;agagttggta . get ctt gate eggeaaacaa ;?a : cc^c 3600 
gtagcggtgg 1 1 1 1 tt t g t£ . t gca agca g.c . . a ga tt a cgcg ;: :. daga a aaaaa g ct caag 3660:" 

•aagatcc.ttt gatcttttet 1 '^ ac|ctcag.t^ 372(3 
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ggattttggt: :catgf;aga;t ; taXtca : aaaagga . tcttcaccta. gatcctt^^ ; "37 80 : : : 

, gaagttttaa ;:atpaa : tctaay : a^ ;a;g.t a a ac 1 1 g : % t c t.ga c agt : ta' c ca at gc t :384V ., 

. : taa tpagtga • ggcacctat;^ :ttcS^ 39m, 

: tccggggggg/ gggggcgctg aggtctg^ g.tgttgctga ctcataccag 3960 : ' : ' 

:gectgaatcg : ::-ccccatGatc cagccagaaa- gtgaggcfagc^ e ' . 

1 1 gt a g gt gg : a c ca gtt ggt gat 1 1 t g a'ac • ttfc't'gctttg^cc 
: tcgggaagatigcgtgatc tcaacaaagc 41:40 ■• 

cgccgtcccg t ca a g t c ag c : : gt aa t g c t c t ; gccagtgtta ■ ;ca^ ,4;2";p*G- 
•.yattagaaaaa: ctcatcg^^ ggattatcaa <2 ; 60- . • / ^ 

; :taGCa tatit ttgaaa 

ataggatggc aagatcctgg tatcggtctg : cgattccgac tcgtccaaca tcaatacaac .43.80/: 
. ctattaattt- ecqctcgt^ ■ 
• ctgaatccgg tgagaatggc aaaagcttat gc a 1 1 1 c t 1 1 . c ca ga c t t gt tcaacaggcc ..;4500 ' 

agccattacg-ctcgtcatca • a 1 1 c g t gat 1 1 ^ 5:6 0 : • 

: .gcg?. c. t ga g c ig a ga cga a a t : acgcgatcgc tgt : taaaagg; ; a^ :acag^a : a : fecg':4 : 6 : 2p' ' 

aatgcaaccg gcgcaggfaac; actgccag 

. f t v ct ^ ctaa ^ tacctggaat gctgttttcc -xggg.gertic^ 4 74 6; : 

catcaggagt acggataaaa tgcttgatgg tcggaagagg; cataaattcc gtcagccagti 4 800 
ttagtetgac ::cafcct : ca ; t;ct> 'gtaa^^'cat tggcaacgct • acctttgcca- tgtttcagaa 4 8 60 
acaactctgg cgcatcgggc./ ttcccatac.a^atc gattgcccga;: 4920 

catt at cgcg agcccatt ta : taccca tata aatcagcatc cat gttggaa vtttaatc - 4.9.80 .'" 
: gcct ?.? a gR a ^^ 504 0 

tgta^gcagfa cag^t^^^ 

^gagattttg^^ ttattgaS^ : . 

■.gttattgtctl ;datgagcgga tacatatt tg'aatgtaittt ■ : 5220 "•' 

. ttccgcgc^ : ctgacgtcta ' agaaac 528 0; 
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cattaaccta. taa'aaataggvc^ ggccctttcg . t.c- "• ■■" 5322. 



<210>. 5 ; :. v. ' • : : - 

:<2iiW .54;22;.; . ; . ^ ;f ■ V ;-V p^h'..- 

■ < 21 3>, : Mus mu s cuius -V..' ■ \ " :-S- : :/ '. v : ; •' . ;V -i 

<400> 5 .". ' ; ' : ") : p.\ ;'• • . ;:.:: ;; :,v . ' \ ' : - . • ; " : ■ |. ,. ' . V . . . : 

•;t\cgcgc.gtt^ - tctgacacat : gea;gctecGg 

cagcttgtct ::g.taagcggat gccgggagca gacaagcccg ; t cagggcg eg.: t cage g gg t;g 1 2 0 

ttggcgggtg .teggggctgg. ctto cggcat;ca^a : gcagattgta^'Ctgagagt'gc" 180 



: ;; a cc a't; a t.g.e g : • g't gt^ 

:..ct : a;tt;gg,cca:; ; :t;r:g.ca^a^ 30 C • 

tccaacatta ccgccatgtt gacattgatt. attgactagt: t 36C 
ggggtcatta . gttcatagee : c^ .gttccgcg.tt : a ca t a a c 1 1 a : eggtaa a t <3g 4 2 0 

cccgcctggc.^ 

.;! c a t a g t a a c g c;c a at a ggga; c t ^ c c ^ttg ; a eg tea a t gg ■ : !g : t"g g a gta tt;i-& aeggtaa £c;£5 & . 
•tgcccacttig.' g.ca aagtgtatca tatgecaagt ' acgcccccta ■ ttgacgtcaa : ::;600. ■ 

t g a eg g t a a a t gg ccc g c c t ggca'ttatgc ccagcacatg accttatggg actttcctac :6 6. C .' 

ttggcagtac a;tc : ta^ 

: .catcaatg/gg CGT-ggatagc : ggtttgactc^ 

..cgtcaatggg agtttgttt^ 

. ctGcgdccca. ttgacgcaaa'' tgggciggta^^ 

agetegttta /gtrgaaccgtc : ^agatcgeetg^gagacg 960 ; ■■■ 

t a g a a g a c a c; : c g g g a c eg at ccagcetccg eggcegggaa c g g t g c a 1 1 g : g a a c g eg g a t -10 2 0 

..tccccgtgcc. aagagtgacg, t a a g t a c c g c : c tat a ga c t c : t a t a gg c a c a c c c c 1 1 1 g g c vl 0 80. 

,tG.t^a : tgeat get a t actg t: t 1 1 1 ggct t g gggcet a t a c . acccccgctt;^ 

,t aggtga tgg v t;a iagct t a;g ; [ ;c4t ; at ; a ; gg t ; g' - ■ tggg't tat tgf :aGc.at : 

■tattggtga^ ^1260 

•tattggctat ;:;at.g;ee aegga : ct;ctg ; ta^ 
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■ ggatggggtc ccat't-tiat'ta 1 1 1 a c a a a 1 1 : eaca t a t a ca.: : aca a c gccg t cc c c c;gt gc c .1 38 0 : 
cgcagttttt 1440. 
c'atgggctct tctccggtag cggGggagct tccacatccg agccct^gtc ccatgcc.tcc : 150.0 /. 

• agcggctcat ggtcgctcgg xagct ccttg. ctcctaacag tggaggccag acttag.gcac 1560 
agcacaatgc ccaccaccac : cagtgtgccg: cacaaggc . 1 620 : \ 
gaaaatgagc .gtggagattg . ggcticgcaeg gctigacgcag. at ggaagact : taaggcagcg 1:68 0 
gcagaagaag atgcaggcag. ctgagttgtt gtattctgat aagagtcaga ggtaactccc 17.4()'' : 
gttgcggtgc. : tgttaacgg.t .ggagggcagt. gtagtctgag cagtact cgt tgctgccgcg. 1800 , - I 
cgGgccacca . gacataatag: ctgacagact;^ tcctttccar gggtcttttc 18.60/. 
tgcagatggc. taggctctgt .gctttcctga •tgg.tcctggc :ggtgatga<gc tactggccaa : 1 920; ' 
cctgctctct laggatgtgac; ctgcctcaga : ;ctcat caggaacaag agagcc.ttga 1980 
cactcctggt acaaatgagg agactctccc ctctctcctg c.c tgaaggac aggaaggact 2040 

1 1 ggattccc gcaggagaag gtggatgccc .agcagatcaa gaaggctcaa gc.catccctg. 2100 
tcctgagtga rgctgacccag : cagatcctga acatcttcac .. atcaa^ggac. :t cat ctgctg .21-60 
cttggaatgc aaccctccta: : gactcattct gcaatgacct ccaccagcag ctcaatgacc 2220 
: tgcaaggttg . t ctgatgcag caggtggggg; tgcaggaatt tcccctgacc caggaagatg .2280 
. ccctgctggc tgtgaggaaav/tacttccaca ggateactgt \gt;acctgaga: gagaagaaa.c i 234 0 
^£*9cccct'g. : .tg^ cagaagtctg gagagccctg ; tcttcct::ctg. 24 00 

■ ccaatgtgct ■ gggaagact.g agagaagaga^,^ 

agccatctgt tgtttgcccc tcccccgtgc - cttccttgac .cctggaaggft gccactccca 2520 .; . ' 
ctgtcctttc ctaataaaat- gag;g;aaa,ttg:.;cat 

: ;t;t-ct;gggggg. .tggggt'gggg: ,cag.cacagGa agggggagga .ttgggaagaG . aatagcaggc 2 640;- • 
a t gc t gggga t gc.ggt gggc : tctatgggta :cccaggtgct gaagaattga cc^ : , 
cctgggccag aaagaagcag gcacatcccc; ttctctgtga cacac.cctgt ccacgcccct 27 60 • / 

• ggttcttagt : tccagGccca ■ ct'cataggaG '.:actcatag 2820: : 
tcccacccgc taaagtactt g.gagcggtct .ctccctccct c a tea; g c c 6 a , c c aaacc a a a 2880. 
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■ry-': .-. ■ cctagcctcc aa : g'agt;ggga:'agaaattaaa gcaagatagg . c t a 1 1: a a g;t.gi: : :ca ga ggfga ga :2 : 940 : . : 
gaaaatgcct ccaacatgtg :aggaagtaat . gagagaaatc at^^ ttccgcttcc 3000 

tcgctcactg,:actcgctgcg ctcggtc^ agctcactca 3060 .f .\ . : 

• . aa.ggcgigtaa,::ta caggaaagaa • bat gtgagca 3.12 • : - • 

.:. . aaaggccagc aaaaggccag.gaace.gtaaa aa ggccgcgt t get ggegt t tttccatagg 3180- 
■■:c.tccgcccGq.ct^ 

••; acaggactat :aaagatacca ggcgt ttGc ctctectgt.t 3300 )••■. 

ccgaccctgc cgcttaccgg atacctgtcc gcctttctcc cttcgggaSg • i cgtggcgett : 33 ; 60 
. tetcaatget caegctgta^r-gtat tcggtgtagg tegttegcto ^aaqctgggc :34 2 0 . 

■v • "^.S-tgifeglc^ : 3480 

:.gagtccaacc eggtaagaca cgacttatcg ccactggcag cagccactggi taacaggatt 354 0 , :; 

ageagagega ggtatgtagg eggtgetaca gagt t ct tga^ agtggtggcc. taactacggp" 3 600 .. 

.tacactagaa.jggacagtat^ ■ 
' :..agagttggta. gctcttgatc eggcaaacaa accaccgctg : gtagcggtgg;': 

tgeaagcage agat.tacgcg ;ca : gaaaaaaa/gg 3780 • ; 

acg^ggt:etg.:acgctcagftig^ 38 40 

tcaaaaagga .tcttcaccta /gatcctttta aattaaaaat gaagttttaa;: atcaatctaa f 3.900 - 
. ,agtatatatg agtaaactt^ ^taat:cagt^a ; ggcacctat c 3960 • ; 

/teagegat ct^: : g gttgectgae : tccgfgggggg gggggcgctg 4020 : : ^ : 

aggtctgect egtgaagaag , gtgttgctga cteataccag gectgaate^ 
• eagecagaaa gtgagggagc caeggttgat gagagctttg. ;ttgtaggtgg : accagttggt 4.1.4 0 .; 
■/V.\ gatt'ttgaac ttttgctttg^ccacggaacg •gtctgcgttg itegggaagat: gcg.tgatctg 4200: • 

0 ec: . ttc ^ ac tcagcaaaag 1: tcgattt at tcaacaaagc cgcc.gteccg tcaagtcagc 4 2 60 ■ 

> :: 

atcaaatgaa. actgeaa^ 
, cgt tt ctgta atgaaggaga:; aaa'GtcacGg aggcagttccv.ataggat 
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tatcggtctg: cgattccgac tcgtccaaca . tcaatacaac ctattaattt cccctcgtca 4500: 
' aaaataaggt t a t c a a g t g a i: • gaa a t c a c c a . t.g a g t g a c g a. ..etgaatccgg . tgagaatggc 4 560 
aaaagcttat gcatttcttt pcagacttg-t • tcaacaggcc. agccattacg ctcgtcatca..4 620 : . 
aaatcactcg c a t c a a c c a a : - • a c c g t ; t a 1 1 e attcgt gat tgcgcct gage . : gagacgaaat 4680 ; 
,,acgcgatc ; gc::tgtt;aaaagg acaattacaa acaggaatcg aatgcaaccg gegcaggaac 4:74 0 . 
.a'ctgccagcg catcaacaatoattttcacct gaatcaggat attcttctaaVtacctggaat 4800; 
gctgtt:t:tcc,.cggggatcgc agtggtgagt aaqcatgeat catcaggagt. aeggataaaa' 4 8 60' 
tgcttgatgg tcggaagag.g cataaattcc gtcagccagt ttagtctgac catctc.atct 4920 
gtaacatcat tggcaacget acctttgcca. tgrttcagaa acaactctgg , cgcatcgggc 4 980 : 
• ttcccataca atcgatagat tgtcgcacct gatcgcccga cattatcgeg ageccattta 5040 : 
■ tacccatata aatcagcatc catgttggaa tttaatcgcg gcctcgagca agaegtttec 5100. 
cgttgaatat ggctcataa.c accccttgta ttactgttta tgtaagcaga cagttttatt 5160 
gttcatgatg atatattttj: : atcttgtgca. atgtaacatc agagattttg agacacaacg 5220 : 
tggGtttccc- ccccccccca -ttattgaagc; atttatcagg gttattgtct catgagegga 5280 
: taeatatttg . a atgtattta gaaaaataaa caa atagggg ttccgcgcac . a 1 1 1 c c c eg a -5 3 4 0 
•aaagtgccac .ctgaegtcta agaaaccatt attatcatga .cattaaccta taaaaatagg 5400 
egtatcaega ggccctttcg tc -'542,2V 

. <210> : '6 : - ' ' : ' ; :/ ; ' ' - . [■ : ■■ • - 

<211> 5259: 
<212> DNA 
<213> Mus musculus 

<400> 6 

tcgegcgttt eggtgatgae ggtgaaaacc tctgacacat geagct eecg ■ gaijaeggt ca 60 • 

cagcttgtet gt aageggat '<■ gc.egggag e a gacaagc c c g tea gggege g tcag c gggtg 12 0 

ttggcgggtg ■■ teggggctgg ictt aactatg: eggcatcaga gcagattg.ta ctgagagtgc 180 . ••• 

aceatatgeg gtgtgaaata ccgeacagat gegtaaggag aaaataeegc atcagattgg 24 0 . : 

etattggeca ttgeataegt i tgtatccata tcataatatg tacatttata ttggctca.tg 300 



WO 99/26663 PCTAJS98/24830 

■" tccaacatta ccgccat.gtti gacattgatt : attgact:agt Uat •: 
^' ; ggggtcatta- : gttcatagcc;\c^^ - 

cccgcctggc tgaccgccca acgacccccg cccatti^ 

catagtaacg ccaat^pa/ cttt^ 

. tgcccacttg gcagtacatc: aagtgtatea tatgccaagt , acgcccccta - ttgac^ : . 

;tga egg t a aa ■ tggcccgcct- ; ggeat tatgc - 

.ttggcagtac . atbtacgtat. tagtcatege tattaccatg ; g t g a t gegg t ; . ; ttt g gc a gt a 720 
: ■ ■ catcaatggg . cgtggatagc . ggtttgactc jacggg'ga^ 7 80^ ' • : : 

:cg€caatgggV. agtttgtttt; ggcaccaaaa teaaegggae tttccaaaaV gtcgtaacaa 84 0.; ' -"y 
. ctccgcccca . ttgaegcaaa. tgggGggtag; gcgtgtacgg : .tgggaggitct at^taagcag 900 ,, \ 
. agetegttta gtgaaccgtc ;agatcgcctg gagacgecat ccacgcfegtt t 
,. ^agaagacac eggga'ceg^ 

: tcc ccgtgcc . aagagtgacg : taagtaccgc^ cf at agact c . tataggcaca'. cc'cctt tggc; : 1080 : 
. tettatgeat gc.tatactgt 1 1 1 1 ggct 1 g .ggg.ee t a t a c acccccgctt. ecttatgeta 114a 
. . taggtgatgg tatagcttag cctataggtg :tgggttattg "accattattg-Oacc 1200 :V: : ' ;: . 

tattggtgac gat act t tec attactaatc cataacatgg ctctttgcca caactatctc 1260 ■. 
• tatt^gctat :;atgccaat:aG tctgtccttc, a 1320 
■ ggatggggtc ccatttatta 1 1 1 a ca a a 1 1 : ca c a t a t a c a /acaacgccgt cccccgtgcc 1380 V 
; c gcagttttt attaaacata: igegtgggatc tccacgcgka tctc 1440 : : . 

catgggctct tetceggtag. eggeggaget tccacatccg agccctggtc : ccatgcctcc 1500 
ageggctcat ggtcgctcggV/cagctcctt^ tggaggccag acttaggcac 1560 . 

ageacaatge. ccaccaccac .cagtgtgccg cacaaggccg tggeggtagg : gtat.gtgtct 1620 . 
" ■ gaaaatgagc. gtggagattg iiggctcgcac ' 
,. ; gcagaagaag.; atgcaggcag^-Qtgagttgtt gtattetga't ■■ : 'aa^ 

.g.ttgcggtgc tgttaacggt ggagggcagt : gtagtctgag ;ca ; gtactc£t. ;:tgctgccgcg. 1800: •. 
; 'cgcgccacca ■g.acataatag:: aa'cagactgt 
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. - • tgeagatgg^ 

• cctgetctct : a'gga£gigac':;^ 1980 : ■ 
i. ' ' : caGtcctggt vacaaa;^ agactctccc ctctctcctg cctgaaggac^a : 

•ttggattccc gcaggagaag agcaga t caa : : gaaggct caa . gccaT ccc tg 21 00 

' i^ectgagtga :gctgacccag •cagatcct^ . 

Qttggaatgc a a c c c t c c t a . g a c.t catic t gcaatga.c.ct : . ccaceagcag ctcaatgacC; 2220 ' 
; • tgcaaggttg tctgatgcag caggtggggg tgcaggaatt : tccc:ctgaGc cag 
. -GGGtgctggc Xgtga^ 

. apagcccctg .tgcctgggag:.gtggtcagag. cagaagtctg^ -2.400 
.. .V ccaatgtgct .gggaagac^'pagagaagaga tctggctaat 24 6.6 V 

■ : aaaagatcag . agctctagag atctgtgt tggttttttg: tgtggtaccc a -2520 : . 

• gaattgaccc ggttcctcct ::-gggccagaaa gaagcaggca catccccttc tctgrgacac : 2580.:, 
acdctgtcca cgcccctggt:; : tctt:agtt.cc'- agciGccactc ataggacact. catagct.cag 264 0 ; 

: gagggctcGg iCctt^ : gcg^t : ctct c • jc c t cc c t ca t 27 0 0 : ; "'■ 

; : c a gee c a c c a : a a c c a a'a ce t a gee t c c a a g a g t: ggga a ga ..a a 1 1 a a a g c a :> a ga t a gg ct a ; 2 7 60 : 

ttaag.tg.cag. agggagagaa aatgcctcca^^^^ -^V' 
. gaatttcttc cgcttcctcg ctcactgact-: :cgctg;cgct^ 288M '[''■: 

, cggtatcagc rtcact.Gaaag:, gcgg.taatac ggttatccac agaatcaggg: : ^ga ta;acgca : g : .:294 : 0 
; : jgaaagaa:cat, gtgagcaaaa .:ggGbagcaaa : aggccaggaa ccgtaa^ 

• tggcgttttt ccataggctc^cgcec^ caa a a a t eg a eg g t ca a g t c 3060 : : . 
agaggtggeg aaacccgaca -ggactataaa gataccaggc : gtttccccct > ggaagct ccc 3 12 0; 

. : .tcgtgegctc : tcctgtet:ccg. ; ;accctgc^ ' : 

/ .egggaagegt gg cgc t;tt ct : : : c aa t g c t ca c ^ • gc t gt agg t a; t c t c agt t eg : ^ t g tagg t eg 32 4 0.. / 
■ . ttcgctccaa gctgggctg;t: ; gtg^ . gpccg^ 3300: . 

V.:;£eggtaac^ 

: ccactggt aa caggatt age; :#gagcga^ 
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ggtggcctaa ctacggctac actagaagga; cagtatttgg, ta^ 34 80 

:'• - :c agttacct t-' ;cgga.a^ 35 : i'0. : :; 
' .gcggtggttt^t^^ 

.: atcctt-tgat : ct£ttc£ac^ 3660 . 

-.■/■ttttg^tcat':; gagattatca Vaaaa.ggatfct =? tca'ccta^at-^ccttttaaat. :taaaaat-gaav;37 ; 20. :' : 
•gttttaaatc ; aatctaaagt atatatgagt : ,aaacttggtc Vtga^ 378:0\.-: ' 

. . ^tcagtgaggc ;a cct'a t ct ca gc;ga t: ct gt c ; tat t t c g t t c :; at c c a ta g£ t; ' gcctgacrcc • 3840 
. - : : gg'gggggg.gg ; ^ :gaagaaggtg : :ttgctgactc:::ataccaggcc :3.90.0^ 

v tgaatcgccc agggagccac ggttgat^ag;; agctttgrtg 3960 

V taggtggacc ag t t'gg t ga t / tt t ga a c 1 1 1 tgctttgcca ""cgga/acgat-c ;::t^c;gtt;^tGg;;;:4 02 0 ..J 
ggaagatgcg tgatctgatc : cttcaactca : . gcaaaagtt c gattta'^ 4 080 

: cgtcccgtca ;agtcagcgta atgctcrgcc agtgttacaa ccaattaacc^a : : ; 

agaaaaactc. atcgagcatc aaatgaaact. gcaatttatt :catatcagga ttatcaatac . 4200 
. .catatttttg aaaaagccgt. ttctgtaa^ 4260 
• . ' ggatggcaag a'tcctggtat cggt.ctgcga ttccgact.cg tccaacatca atacaaccta 4320 
ttaatttccc ctcgtcaaaa ataaggfetat caagtgagaaxatcaGcatg 4380: • ? . 

5^ t ? c ^gtga : 'gaat.ggGaa 4.4 4 0- 

: cattacgctc; gteatcaaaa- : tcactcgcat 
. CG ^gagcgag .acgaaatacg 

9 ca ;accggcg : caggaacact gccagcgcat c a a q a a t a 1 1 ttca'cctgraa v : 't cagg a t a 1 1 : .4 62 0 ' 
cttctaatac ctggaatgct gtttt.cccgg ggatcgcagt g g t g a gt a at '. c a t g c a t c at 4 6 80 
■ caggagtiacg: gataaaatgc: ttgatggfceg.^ 474 0- 

: gtctgaccat ctcatctgta: aca.tcattgg -Gaacgctacc ; ttitgccatgt ';■ ttdagaaaca 4 800 • 

■ : actctggcgc^atcgggcttGAC 4 8 60 

■ tatcg'cgagc ccatttatac ccatataaat; cagcatccat ; : gttggaa^^^ ,: 
tcgagca'aga cgt'ttcccgt tgaatatggc.-'t^ • cc'ttgtat-ta: -ct^ 4980 
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- , a ?gcagac^ ' 
gattttgaga cacaacgtgg ctttcccccc ccccccat ta ttgaagcatt ; tatcagggtt: :5i : .0.0^ 
'•attgtictcat- 'gagcggat^ 

cgcgcacatt / tGcfefegaaaa^gtgeea ; CGt:g acgt ct aaga ; aaccat t a 1 1: : at cat ga cat 5220 : 7 : 
..taaccta.taa aaataggcgt atcacgaggc cetttcgtc: ; •• ;• . : 525 9 

.;<21p> :7 . : : y; = / ; .' V ; : ■ '■ -. : ! " : v ; , : y y-- y . ; ;.; '{v;- 

•<2:il> ; 58.5 : " ■ ;: ' ' -iy"';". VV; y ' \ . ■ ' ■ . ,. • '' ; ' • ; ; ' ^"y"'-; • : y."y : vy 

<212> DNA y- y ' .. ' . =; . y'- " ..- . 

•'_^2I;3> : 'CHoihb .sapiens • !'' : y . _ . y, 

'/:<;220> •'•^• :: ••'::•' :: V y-; y :: 'y yfyv •• ... ' ;. :y; ; '> : y . ^Vft ' ' y ■ .. " v -- :-''y : ;'- .yy" : yy/. ; : yy : : ; 
<221> CDS "•" : . " : '- v '- .'. f , ' . ', " v. ' "y :y : •" •' • ' ■". j^'Y 

;<:222> Jl)y/;C5851 : ::; : y: YyV.. .' /: ' '/•'•. • • ": y^y ' / [. , .. \ 

;<£20> \ /J- ;/:';:'.\ ' ,: ' : ; : '"y. ,y;'. : ';; y ; " • f ; • ■" . : ' - ; : y • . .'. • ' : . • . Y'Y'V ' 

. <C;221> sigypeptide : / : : 

<22 : 2> (i;)y y(69;) : . :;^ : >y ; .; : - •; / ••v. y.'v.; ;■; : .' /y 

<22g> :;, ' ; .; : ;; ; . , y: : : y-';; : ! :. . - : ^ ; i -y '. J- ' ' y : "Vv 'yy^.^ .' . 

:: <:2 2 1 >; : ma t^p ep t i de ' ■ ;.. y ;£.'.y : , "y:. : -. : \ ■ ; vi: y;|: v .'• ■ yy ;. v'^.v-.y: 

: : ^4 06> ' 7 : : : ' ; . ; \yy,;- 7 . " ' ■ ^ : .' y':'''- : y. ■ . 

;:atg gcc etc ctg ttc: cct. : eta ctg gca gee' eta gtg . atg ace :agc Xtat : 48 . . . .. 
: Met Ala Leu Leu. Phe: Pr : oy^ ' ..LeuWal ;M^^ Tyr - . 

■"' : ;.; : -20 .. • y - : . ' ' y' - ; 15; ' / • : * ' ; : : - 1 0 : v.y : ^.V-'- , ; 



■; ; f9C ; :cct:. gtt ; .gga^ gat; ctg .ccty cag^aac cat ggc. cta 96; 

Ser. Pro ValvGly;, Ser Leu, Gly Cys . ;Asp.: Leu Pro '.Gln : vHis , Giy, Leu . /. 

• " ■:-5,.' ; ; " . ' l ' yx: .'5'".' ' " ' ' : :: 



.' :(:t t- .age ; agg : aacxacc .ttg^gtgi'c'tt ^ctg^^cac :..caa .{atg?- agg agaj. atc;--tcc: • ? : 1^4 ; - 
Leu Ser: Arg : Asn Thr.;Leu : Vai Leu -Leu 1 iiis Gl-n ; riet ; Arg Arg -lie Ser; . V • 

\ 10 " 15, ■ . V'V- 20 ■;='; v J 5/. ; ■ 

;;.cc.t ; ttc r'ttg. tgt : ctc aag :gac .aga aga gac Jt c vagg ; ; t tcr : ccc ycag - gag . :: .192: 
' ■Prb";phe': Leu : : Gys : !te 

'"v j:;!'.'.. y 30 '" ::?5." ■ .'••,'•'••,•40. ; 

■ at^ : : gta , aaa: : g gg • ;a;g c c a g : ;t tg : • c a g , aa g : . gee. caty gte^atgytct : gtc: .etc ' .2:4 0. 
^^t - Vai; Lys Gly i-Ser : GlnV; Leu^Gln : lys; Ala . His Val :Met ,Ser Vai^LeU' 

:-\ : ; . : ^ v ; .; ' : 4 : : .-. : - : /'; : ' '.;;:' . ' ;5o. .. ' y : -.;. V ■ : .• . • • .^:;;y,55.V^':-;I -.. ..■::' 

cat gag - --at"g-: : -ctg- - cag cag atc ttc- agcYctc ttcycac : : "aca';gag :cgeVtcc ' ...288' 
. His ;:Glu:.-MetO::Leu'. Gin Gln| Tie ; Phe \ Ser "Leu •'••Phe. : .His JThr :Gl.u : .i:Ar^' Ser;'.: 

:yy- • ;',:,:, '••^y.^oV. • :;:.';: . ■ .'■ -:e^ / ■ : " ■ : .70 ^ ;^ ■ ; • . ; 
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■tpt^ g.ct: gcc;. tgg ,aac -atg ■■.acc: : ; etc ■ cta;:.gac;;. : caa" .cte cac . act gga ctt. : ':' ■ 336 
Set . Ala .Ala .Trp - Ash; Met Thr- Leu Leu: Asp Gin . Leu ; His . Thr Gly Leu 

' 75 : ;; V : y ■ " = V:C":: : ••. 80 . . : - V ' ' ' "85 • 

.cat cag caa ctg.. caa . cac: ..ctg. ..gag: acc tgc ttg : ctg ^cag -gta : 'gtg; gga "•. V 384 
.His Gin- Gin Leu Gin His Leu Glu. Thr Cys. Leu : :Leu;^ Gin: Val Val Gly 

•90... ; • :: ' ;: - : 95'-- . : ,100 y '.■ ■■105 

gaa , gga ; >ga a \ tet yg.c t ; :gg<gf ;gca ;att age'{agc e c t • g c a . : : c t gx' acc' : :;t tg : : agg - 4 32 
Glu Gly.; Glu -.Ser . Ala . Gly. : Ala :. lie . Ser . Ser Pro Ala Leu, :Thr. ;Leu .Arg : ' 

• ; ' ' ' ' " : '. : 110 : y ; : : , . . ; "" "lis" v'- ' . ; 120 V v 

■agg tac ttc cag ;gg"a : ate;; 'eg t .gtc tac . ctoy a'aa' ' ga^ 4 80'. 

.Arg Tyr Phe Gin Gly.. I lie Arg.Val Tyr Leu Lys Glu'iys^ Tyr Ser 

" 125" ; : './;':'•>•.' . 130. v ;.: | .;135 ' \ . . 

gac tgt gec xgg : gaa gt.t vgtc aga atg g a a - a tc • at g .= : <a a a--' ^ t c c ttg ttc- "": 525; 
■ Asp Cys Ala Trp:- Qluy Va% -Val Arg Met Glu I.leVMe t . Lys Ser. Leu. Phe 

140 ■■;./ -' v: l' ,145 ' ;■' ..150 . • 

;.tta tea aca aac atgjcaa ■ gaa aga ctg : aga. agt aaa gat aga .gac .'ctg . : 57 6 : 
Leu Ser Thr Asn- Met' Gin ,Glu Arg Leu Arg I- Ser Lys Asp Arg Asp 'Leu / 

.; : . . 1^5 ; - : , -ieo ■ : • .:• ■ , . ••■ . ':;>;; . i65 ■. \ ■ :\y .; : ■ 

; : ggc : >tcav;:tct >•;;.;_ ■'"■> ;'. ■■;)■ '■'■■/ U -y..,; ''■y^t')-^. ^i]':^-^/' 

Giy4'Ser: : : : .Ser yy - : . '.- : &0. >- ;: " ■'■ :''■]■■:■ • ■ ■ "•' - : . y-' ' 'y • '; 

i7a;: : y^' V: vjVV.- y : :V ; 0 • : ' : -y rJ- , '..•':'. • - • ■ . . -y--. - : '" ; ' 



< 2 io>"'- 8 ' : ' ; ;.' ■■■■■■ • 

■ <211> 195 : ; 
<212> PRT / ■ 
:<213> Homo sapiens 

<4.00> .8 - . • • " 

::Met... AJJa ;| ;Leu ■ Leu Phe Pro Leu - Leu Ala Ala : L^ii Val . Met Thr ■ Ser -T^r 

'y ' yy;.; : : -20 " . : ';./y ; . •. • ) ■ ; ;-i5 ' • : ;-io- : ; . "" 

Ser - Pro- Val Gly : Ser Leu : Gly ; Cys- Asp Leu Pro ' G i n ■ ;. As n :: : k i 's .? Gly .Leu 

y : -. ".'~ 5: '.- " .- :; ; ' . ' 'r^l . 1 .' ; ; ,y :5 ; ; : ; : "" - ; ' .. : . 1/ 

Leu. Ser Arg. -Asn- Thr Leu Val Leu Leu Hisi: Gin -/Met Afg Arg :.ile Ser. 

•■4°.; ; :• ;■; ■ n >; • : : .iy 15 : ■■;•.■; v : '.2'0V . ■ ; . : . : • .;: ; V . ■ '■' .2 5 

Pro...Phe.: : Leu Cys Leu Lys : Asp .Arg Arg ..Asp. : M Phe '..Pro Gin Glu' 

• 'y : y ; :: :; ; :-;.': ; , \ Vv '- ■ 30 ' ;• •.' ;'. ■ , ... 35y - \ ■ ;••/•/••• ; ; ;'4:0/ ; ' 

^ e t ; V^l:; Lys Gly Ser : Glri' Xeu. Gin Lys : \Ala HisV ; :Val : Met;, : S^r : yal Leu 
•' ;.''••;••:.;' . 4-5 'V .* ;- ; / _ • 55 '• - - ' 

His . Glu MetVLeu^-Glri^Gih; lie . Phe .Ser^iLeu Phe His. Thr /Glu ■= "Arg/ ; Ser 
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v -^V: ■'■■"X ,: ' X^X-^: ■": C'£S. T i,' ■ XX; V ' .". '■ 

. . i 60 • ''i : ' 65." :; :- : ;V\ . ; " ; : : : ' 70 / ■■ v ' • ' : : . 

Ser Ala Ala Trp Asn.: Met Thr Leu Leu Asp Gin Leu His Thr -Gly . Leu 

V. 75 : : ,:• • : : -/; • ' . : \V;.. • : ss):^. ..• •• . " ' ; ' ;. : ■ ' ,'; : : -. 

His ;. Gin GIti ,Leu Gin, ;Hi : s;;.: Leu Glu Thr: : ;:Cys: Leu Leu Gin; • Val^- Vai;: :Gly • 

r : . 90 ;.;. • 'y : ,95 • . :: - :y • 100 \/;'-!.- ; : 165 : • 

.Glu Gly Gliu'Ser Ala :.Gly Ala lie Ser Sex Pro^Ala Leu Thr Leu Arg. 

Q . ' '. ... 11° -O ' "lis ■. ■ :. . < ' ■ • : ; •• ,-;i20. ; . ' v-u;: 

". Arg Tyr : : .Phe :Gln;- Gly 11^:: Arg Val:| : : Tyr ; Leu'- L^s £1 u : Wy s ; Ly s' Ty r : S e r : : • 

• : ' . "; : i25 ' v ; -y-'' ' '[ ■ ' . 130 . . ' ■ : . i; 135." • O' 

"'"Asp Cys^Ala Trp Glu Val Val Arg Met Glu lie. Met . : :Lys ;Ser ;Leu Phe 

'.>:••' yy : \*iA0. ' i4 5 : v.- ; : ; iso' • • .'- .• 

':.-=lieu JSer. .THr Asn Met Gln ^Giu Arg ; 'Xeu ArgySez ■ Lys^VAs^^'Arg.:'Asp;. Leu ' :"• • 

''••1'55 : : :':.: ,, ."',160 . '! ": ; ■ 165 



Gly Ser Ser 
: : 170-. 



<2io> 9 

<211 : >.: : 567, - : -jv : \ 'V;^ : V' 
• J:; ^ V y.i-\ " <2'12:^. DNA ;> ; • ^ . : o ■ 
<2;13> v . Homo : : sapiens 1 ' v 

\ . . <220>. ••• ; ; v . y; .' 
<22i> : cds . 
<222> ( i:) . . (5.67:) - 

. < 2 2 1 > . s i g_pept i de 
- ' •••;<222 ; > : (1) .... (69.)::^; 

vJ: J£ : : =: : '. <22fe/ : - :: :;' : ' : .' ' : _ ■. ' ."' / ' 

:. •<22 : 1> mat_peptide . 
" '' '• ■ <222> :: {70) . . (567 ) ; . 



ttt 'get . tta; ctg-a^ 4 8 

Phe ■ Ala -Leu': .Leu Met,. .Val; Leu' Val Val Xeu SerxGys :: v 

" - :• "■ ■ ■ ■ . --is': ;: , : - "-■ .■■ - :'; - ; ^t^:''^^ 

: ^ g ^^Of^j^^c. Vtct ctg -.ggc tgt gat , etc : cct '^gag' ace ;cac::agc ctg : 96 :i 
: v- ^ Lys; Ser -'Ser^Gys^ 



<400>, 9 

atg. gee teg ccc 
Met . Ala Ser : Pro 
' . - 20 



.g'a t a a c . ; ; a gg : agg : 
Asp; Asn ;Arg Arg: 



;acc .ttg : :at.g. etc . ctg > gca ■ c|a ; : : :atg :' :: agc;:' ; a;ga : !; ate. -tct: 14 4.: 
' Thr Leu -:Met: Leu : .Leu; Aia^Sin-^ Arg::- : Ile. : :Ser..' • 
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'-CQt^ :ttt{.gga : t : tt. .ccc cag gag 192 

; : Pro ■ Ser; Ser ,:.Gys Leu Met: :Asp , Airg . His ,Asp Phe . Giy Phe Pro,: Gin Glu • 

. : -. ■• ; 30. . - : - ■' ■ . 35- . - --^ :v- *o : ' : " . . "/-"' "■ -V';' r : 

.gag. ttt gat :ggc.:aac cag : t.tc cag aag get eea, gcc :atG, tct gte etc: 240 
Glu Phe Asp Gly . Asn. Gin Phe : Glnl Lys . Ala Pro .Ala lie Ser : Val. Leu 

•. ••< ''v. • : .•' :• 5 : : :. 50 • :;.•/';,•; • ; , '■■ ^:5 : 5\ L --: . - : ■ 

■cat .gag ctg ate :cag cag: : ::atc tt c. aac ct c . t;tt . ace aea .aaa ; : gat tea 288 
His , Glu Leu lie' Gin. Gin- .Tie Phe ^ 

60 • 65: : : : . ':• . 70 

.tct ..get get tgg.: : gat gag:: gap etc, ct ' ; '^3:6: : - : . 

Ser. Ala: Ala Trp Asp Glu Asp Leu, Leu Asp Lys- iPheV/Cys Thr Glu Leu-. • 

: - : ; : ■'■■ ; / v : \; 80. / : V; : • . :. ;;; : 85.; : : :;^v' : ';. , \y-.y, 

tac cag cag : ctg: aat -gae t'tg- gaa';:. gcc|;tgt: ; gtg atg cag g a g gag : a gg . . 38 4 ■ 
T.yr . Gln. : Gin .Leu Ash; Asp Leu Glu . Ala : Cys . Valr.Met Glh : Glu -Glu .Arg: •• 

5,0 '^'V' ' : ;^:: : ' : :-:95 ' 160 ' • ■ 165 • ^ ' : 

■ gtg, gga : gaa .act- : cc;c ctg atg . : a^t, : gcg ;,gac'; ; tcc ; at c:\ttg.: gct; ; .gtg : ^ag^ • 4 32 / 
Val Gly Glu Thr Pro - Leu Met Ash;; Ala Asp '. Ser lie Leu : Ala : r Val Lys 

:,. ... "-'no ' :; r ; , 115 ■ . . 120 , : . ; 

aa;a tac. Sttc eg a aga ate :act. etc tat ctg ;aca gag ;ai : ag; aaa "tac agc^^ : 480 ; : : ^ 
Lys Tyr Phe Arg; Arg Ile,'Thr:: Leu T.yr Leu Thr . Glu ; . Lys. Lys Tyr Ser 

- :: • ; -425 • '.■■:^ "V'\ . i3p: : - v ', 135: :: • : : •• " ; 

c.ct tgt - g.cc .tgg' ga.g : .gtt gtc : aga : . gca gaa ate atg,,aga:;tcc etc tct : 528 
ProvGys -Ala Trp .Glu: -Val . Val Arg;: Ala Glu Tie -Met : "-iii;g : - : 'Ser ■ Leu ■= Sler ' 

1*0 . 14 5 \ 150. ,V"' : : ' 

tta : tea'' aca aac : ttg caa gaa aga tta agg agg aag gaa ■ • 56.7 ' 

Leu Ser Thr Asn ;Leu .Gi : n : G.l.u 'Ai-g. : Leu Arg '.. Arg Lys :G 1 u 

155 . : . : :; : .": v , ; .;16u', !. ' '.' "leiT v • "-^ ; > . • '^r'- ■ " ■. 



<210> 10 ■ -\ :;:: ' V . ■ . . : . 

<211> 18 9 :-. ; :-'":-;.:.-:.' .... : - : ',''■[■■' ';' : ..■ 

<212> PRT . 

.<213>. .Homo sapiens 

<4 00> 10 > :-.':•■:) :• ' :• • 

Ala; ; Ser. Pro. Phe: Ala Leu !Leu :Met Val : Leu Va 1 Val ;L e u : S e r C y s 

' , : ■■ - -20 ■ ' ■ .- : i : 5 : • • J' :•' . -io : . '•' • 

Lys Ser Ser: Cys Ser : Leu^Gly Cys . Asp Lieu Pro Glu Thr His : : : Ser Leu 

: ."' •■' ■' -5-- /■ : ~i • • ■ : : . : : " ':. 5 ' ■ . ■ : ^ " . 



•:Asp- Asn Ar g. ;.Ar g T&/ Leu^Met^ vLeu'- Le'u^^ 
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:Prb Ser ;Ser' Cys Leu : Met: Asp Arg -His Asp Phe ,Gly Phe Pro:. Gin Glu : 

• : . \ :,M^3-- ■ .. -.- 35- ••.V-- : . •.•.^ .• •■40 •:• 

; ■Giu;:Phe>Asp Phe' .Gin - Lys ■ Aia-^ 

' - -v ' v-i's::.:,:;-;; ^ ^.v-: ---y-. . . r : -5V;:f : :: : : \ . ' 

His GlU: Leii lie Glri..Glh; lie: Phe 'Asn Leu ;Phe Tnr Thr Lys/Asp Ser 

.;. ,;";60.'- ' ;: ' V -V V : .. 65.;: :;;\. ; . : .; :: - : -V- : - : , : 70--.-.. 1"';- ; • 

:Ser:; Ala;:.:Ala. : :Trp;v;Asp ::; :Gi 

• ; ' : 7^ v ' : .v' ; ■■■[■py'-sfl -< % ' . :, . . ' ; ':':85 t '-;;^' y ^'.: 

Tyr Gin Gin Leu Asn; : Asp^Leu- Glu Ala Cys .VaMet Glh GUi; Glu Arg . 

90 '.. : ' ' / ' ! 100 : r - . : ; 'Z .. .. ,10.5 " 

;.Yal'.;Gly;;^ Asp . • S S r lie : Le u.j Al a • : Va 1 : . Lys 

•'' '^V>^ ; ;^;7-"'''.110,.' ; : y'--^: : : :y. ; ' 1 1-5- >•;.. ; ; = . . iiO'r' Z"' 

; Lys Tyrf. Phe Arg Arg lie Thr:-:ieu ••Tyr Leu Thr ' Glu Lys . Lys i^r . Ser 

y.'- ' /' .,: : '. .■-125.- . V^''- ;: '130 ^ - , .7 •■; ' .' V , . . Pi 35^%. >.;::'. :• 

Pro Cys Ala Trp Glu ; Val ! Val • Arg Ala Glu ;:i le Leu Ser 

■ ... ' : . .' ' us. . -■ ^-^ v.':";; 150 ' :.• 

Leu. Ser :.:.T^ Giri : . Glu: Arg • Leu Arg Arg - Lys Glu V 

'"': ;: ;; : ;..;i-55'-- -. ] ■ . "■ . ; S lWi"- 'Z'. ' : ; " . ' Vi 65 ..: .:• -': : . : ;v : : V :: '' ; ,: : - 



.<2io>;::ii .• ■ ■:<:>::- : -:: : ':- ; '- : '- :,,: : 

; <211> ;^67 "" 

<212>^DNA v;.- - ,• ' ' . • : . •'• : 'V- '.;-v''v. , 

.•<2;i3>; : :.MusV\rhu-s'cuius:^ • • ' -.-■y-rv-v.^f.-- • • ':•••:•- 

-■■<22d>-y^^K. 'y'[ ■ V : -:' ; '; : ':••; ' ' ' '■p /. : - ■ : - ^ ^V;' ; : •: / : :'•/;•; h : \ . : . • ' ; 

. <221> CDS;; i"':.-':.'-./'' ' 'v'/V:' ' •:•:' : . ' : : ' 

;<222> .';(i')'.^:< 567 )'■'.■ ,; ' \\ 'y \ ' . 

<22Q> ■• .. . . ; , i 1 ^ ■ ' : ■ ." _ . ..: ' ; ; ;•••>. .■ i - ' ■". 

::.<2 : 2i : ^,;,sig^peptide" " '■.^[■■■0 - ; '"■ 

: <222> : : { i:) ,; ; ;;(69) "■-": : ,-:..y=; ; " :' ' . ... 

:<220> ; ••'.:• : " • • • .. " . ; ■ ■' ." ; : ' : :'y-: • • ' ' ; "• ; > • ; . /■■ ; •• 

i<2 2i >• • mat^peptide : 

<222> A '7:0) ^$B1$ ■ ■ .-.:.:/ .• . : :. . - .. • .- ■ ; : ■ ;.• •' • ; : : ;':' ; ;: ; ::':;' . , ,. . 

<4 00> : ll . . ;...: - V ' ■ • ; . ''■ .' ; - =V. = "=> V .'• . 

atg get. ;a : gg etc . t.gt get : ttc ctg : atg:, : gt: : c. : ctg;;gc^^ ' . 48 

:Met: : Ala , ArgV^ . Le u : •;: Al a , Vai ; : Me t :Ser. : Tyr * 

/ • . . : <'p:.'^ 2 : o \ / •;. • • • ':::- : i5. : .' • \' ..• -ib';.' ;. 
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. tg.g. cca acc tgc tct, eta gga tgt gac.; ctg- ;c;Gt: cag : .act,. cat ;aac :: ctG .: . .:; 96 '. 
Trp Pro .Thr Cys "'-'Ser ^ Cys Asp . Leu Pr6 ; ;Glh thr His. Asn : Leu 

; : "■■']"\-5' .' V -1'' !. .,1 '5 - ' : . 

ag.g aac aa.g aga. gec ttg : a'ca etc 'ctg :gt;a caa :,atg; ;agg : aga .: :ctc ' : tce : 144 
Arg Asn Lys Argf : Ala vL^u Thr Leu .Leu Val Gin ;Met : Airg Arg LeW-Ser 

: 10 ; ; . V-l^V ' ■ i;-. \ ' 20 . ' < . \ " ■! ' " \. .25 \ / 

c?t .etc . .tec tgc. ; e.tg. aag - gac; agg .aag gac ttt gga ttc ccg cag gag 192 
Pro. Leu Ser Cys : Leu Lys -Asp.: Arg Lys Asp: Phe Gly Phe Pro Gin Glu 

• ■ . 30 - : V - : . . • .; : 3'5 : " ; : - .'. 4.0/ ' ' ■: 

aag' .gtg gat' gec : cag cag -ate yaag^.:aa'g ' get ; caa gec dat-c; cct gtc ctg. : 240 
Lys Val Asp Ala : Gln;Gln- Ala -Gln^Ala lie Pro Val Leu 



agt gag. : c.tg acc cag \ cag :. ate;, ctg aac. at c : - ttc : aca tea -aag gae^t'ea 
Se"r Glu; Leu Thr Gin Glri He Leu Asn, lie Phe Thr Ser Lys Asp: Ser 

. 60 . - : 65 : . : 70 • K; •' 



288 



■tct get ,gct . tgg aat;. gca : ace etc eta . gac . tea., ttc tgc aat gac - etc 336 
Ser Ala Ala. Trp Asn Ala Thr : Leu Leu Asp Ser Phe Cys Asn Asp Leu 

. . -; 7,;75 . .;,;^p' ' • • . . 85 : .: . • • • : ; 

cac. cag cag. etc aat .gac,.. ctg caa • ggt. tgt ,ct.g. atg cag cagt<gtg ggg 38 4 
, His: ^l. n Gin Leu Asn Asp' Leu: : Gln ;Gly; Cys Leu Met Gin Gin. Val Gly ; . 

j 9 Q : ..' ' ■ • 95 . 100 : ' -"■ ■ 105 

gtg cag gaa ttt ". cccv ctg::,: : acc. :: ca;g, gaa ' gat : :.gec ctg : etg get:; :gtg -agg 432 
Val Gin Glu Phe Pro Leu Thr Gin Glu Asp Ala. Leu Leu Ala- Val Arg 

'• • 110';' ; V ■ '. • : .'i : 15 ' . • ... • . •..;'; i20" • V 

■aaa tap ; tt:c;..cac agg atb - act : :.gtg tac e.tg: : ;aga gag . aag : aaa ;^cac -age . 4 80. 
Lys TyrV Phe His: Arg lie Thr Val Tyr Leu Arg Glu Lys Lys His Ser 

••-.;,"-■;•. 125 ; . 130 , ' ' " 135- • ; ■ ' ■' [ - ' ' ' 

cccvtgt;,^ gte .iagavgea : gaa :gtc tg^.:;aga : igee- ctg tct ' ' 528' 

Pro Cys Ala; Trp ; Glu Val ; Val Arg Ala Glu; Val .TrpVArg;: Al a Le'u : : Ser 
•:140 : ;.;\. ; : : -::--:-v:; ll5'-':, • • 150 : : ; : 

tee.: tct gpe aat .gtg ctg gga :aga: ctg aga :gaa gag/'aaa -, ■ 567 

Ser Ser ;Ala. Asn Val Leu Gly. Arg Leu Arg GluViGlu Lys ' 

i:55; ■ 16b 165 : : 



<210> 1.2;: 
:'<211>. 189 • 
<212> :PRT : : 
<213> Mus: mus cuius 



<4 00> -12 ; ■ ' ■■ :. • .'• :.'•,;;;; •;/ ' : ... 'V' ^ -;,'-' : ":;'; ■ . ' . ' : i \ : ■'' : .V : •:';• :.- ; : ■ " • ; 
:M£t Al^a Arg Leu. CysV;Ala: Phe Leu Met : ;Val. Leu : Al a Va;l : Me t ;.S.er Tyr • 
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. -,T r P : Pro - .Thr : Cys ; .Ser. ;Leu. Gly, Cys Asp l^u^: Pro;: Gln^Thr' ; His;::Asn ";^u:' . 
/ ; A^ Leu;' Leu Val. Gin Met'-;- Ar^ -:Ar g Leu VS e r 

•; ; ( .' ; vj 10 ■ . - : - :;;:-. i5 :'/ : -:. : . . ... : ; • ,20 V ;■;/,,.; V^'^s"' : ; : \..\ : ■ ':: -y i 

Pro; Leu Ser. Cys Leu^Lys yAsp Arg Lys Asp Phe ;Gly Phe. Pro Gin Glu 

- '■!'.■: -V ■ . '•••••••'..?.. ••• 30 . . .;. • ■ \;35.; . / . C . V.V; : : 40 ■■■ • : . — V. x :- : 

Lys Val; Asp Ala Gin, Gin : lie Lys Lys Ala :;Gln -I^a^ler-Pto-Vai. .-Leu .;'-' v 
■ :■; ' : ? V " ^ \ V. , f V ; ""-v ' . : : W' y ". ' . f : ^ ' ' 55 ^ ' : : ; • j ' , : ' .'" : : ;"v r ' :• \ ' 

'• Ser Glu : ;Leu Thr Gln : : dlnl-ll^ 

■■J-'-':': -vV' : ' : ' . -60: . ' " : " ' 65 ,.,••;••::;•':.'. . ::. ; 70^ • 7 ; . v ' , . ' \ /\v. • • ; 

: His Gin Gin Leu Asn ;Asp, Leu Gln : .Gly Cys: Leu : Met Gin : : Gln ; : Val .Gly , 
• , Val : Gln^; ; Glu Phe ; Pro Leu.. ; f hr G lii |; |;G l;u • ; Asp ' Al a : : Le u Leu. Al a ; V al l; A^g : ■ 

-:iio. ■" \ '",' :: i is; v- ::: - ' ; .. ; ' •> 120 • : '. v ' ; '>"-:' :; '''; ' 

. ". - Lys .Tyr;;phe His.: Arg : " He .Thr Val Tyr/ LeuVArg : Glu: Lys Lys^His ;Ser : • 
... PrprCys Ala Trp Glu. Val Val Arg Ala Glu. Val Trp .Arg Ala Leu , Ser • 

' ,: ::::.':; ." v-:.- ;. -:i 4 o :..; :. : ; - )Z. 145 ' ■ r ■ \y,-.}:&5G_- ^- : y . /.;;:' ; ..:^ ; ' : :, : : .;:- .. ^:--;'.. :, : v- ^ -yy 

■; Ser ./Ser Ala; . Ash iVal LeU; Gly Ar g : : L^u . Arg ; Gil u; . Glu ; . Ly s . 

: §y:',. "• <2io> : : :ii3 : '.-'- : • : ' '■" • / '. ••' .' -V " V;;; 

^yyyy^y: , :<2ii> ;459. ' . ; -y \ ' ".: . ' ;: .: ':■ ^ . •• : .' . '.' -:V : ;'-V_. . • . ■ ••. ••• : .v.;. • •■ 
yy v' : : .:; .<2i2> dna ; " • " / ■ "\ • • :• ". " y : ' ; ■ :' ' '. "■■ ' • 

. <213> Homo sapiens . . ' • . ' - : :, ;.;.V:; ?r : -fv 

•,;•.;.••',:•' ; : : ;. • •. <22p> • " : : :! '" • : '■ :. ] , ■ : : .. ; ■ ' .'• • . , ■' . " . . : . ■ : / : . =■ _= : .: : ■yy' ' y--. ' . :; - " : ': - : ' . : ;"':i : ;: :■ ; 

-:' : "; : : . ; ;<222> (45?)* "I • ", ; , : -H;'' : i; , .; : .V : . 

k. :. '- : : : :<22'o> ' • : : : ^v:-:V', 0: \. ., : ... - y : .y : ■ . ■ ■ . ■ 7 : 

y<22 : l>: ; sig_peptide : . ■ ' •■ 

V ;: 'V';. v <2 22> ci:) V.;:(6o:) •:•-. '• '.■ " . : ,: : .' . ' -J- : . : y " ^.y-\' : , v v . ■ .• .V : - -.V. . 

;y . • <22i> inat -peptide .:•.::;. •:;•'•'.' •;:•• :/" .: : '.'.- . y. 

:-;;--r,r : .- :'•''' .' ;'-;. : <222^ i)"^:t^9.)f "-^^/.i^i^V^.v;.; -yK • ; ^ ^ ^ :: %;'vV::V:;''- ■; : -^v-.;: - : -' ;v;;;::-'' : ;;' : . : 



: : -10;. 
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<400> 13 • ' 

atg tac agg atg caa etc ctg tct : tgc att ;gca eta- agt.^ctt . gca ctt 

Met Tyr Arg Met Gin Leu Leu Ser Cys lie Ala Leu^Se'r LeuV : Ala ; Leu 

-20 \; : "r: : " -15 " -10:- 

gtc aca aac agt :: : gca- ,qct act . tea : agt tct aca . aag aaa aca cag eta 

Val Thr Asn Ser Ala Pro Thr:,:Ser Ser Ser Thr: Lys Lys Thr Gin Leu 

-1 1 • $ : • 10 : 



48 



.v 



96 



caa ctg gag cat. tta ctt ctg gat. tta cag atg att ttg aat gga att 144 

.Gin Le.u Glu His Xeu Leu : . Leu Asp ; Leu Gln xMet - lie Leu Asn Gly lie 

15 ' : 20 ■ / . " : .^'.25,, 

aat aat tac aag aat ccc aaa: etc. acc agg atg. etc aca ttt. aag, ttt 192 

Asn Asn Tyr Lys Asn Pro Lys : Leu Thr. Arg Met Leu Thr Phe Lys. Phe ■ 

30 ... 35 ; . . 40 : 1 ' 

tac atg. ccc aag aag gee aca gaa ctg : aaa. cat . ctt; . cag , tgt eta gaa 240 

Tyr Met Pro Lys Lys Ala Thy . Glu Leu, Lys. His Leu Gin Cys Leu Glu 

.45 . 50, 55 . 60 



gaa . gaa etc aaa ect . ctg gag. gaa gtg eta aat tta get caa: ; age aaa; 288 

Glu Glu Leu Lys Pro Leu Glu Glu Val Leu Asn Leu : Ala.. Gin Ser Lys 

65 70 .. .75 ; : . 

aac ttt cac tta aga ccc agg gac tta ate Vagcxaat. ate aac gta ata , ••. 336 

As^ Phe His Leu Arg Pro Arg. Asp Leu He Ser /Asn He Asn Val He 

80 85 90 . 

gtt ctg gaa eta ;aag gga tct gaa aca aca ttc atg tgt gaa tat get 384 

Val Leu Glu Leu Lys Gly Ser Glu Thr Thr Phe Met Cys Glu Tyr Ala 

95 100 105. 



gat gag aca gca. ace . att gta gaa. ttt ctg aac aga tgg att ace, ttt. 432 
: Asp Glu Thr Ala Thr lie Val Glu Phe Leu Asn Arg Trp lie Thr Phe 

' ' HO . 115 ... 120 

tgt caa. age ate ate . tea aca ctg. act 459 
Cys Gin Ser He He Ser Thr Leu Thr 
125 130 



<210> 14 • :, 
<211>153 : • 
:<212> PRT ■ ';, : ; , 
<213> Homo sapiens : 

<4 00> 14 ' ' : ■■ ':/)'■-:.:.■ 

"Met Tyr Arg Met Gin Leu Leu Ser Cys : lie Ala Leu Ser Leu Ala Leu 

-20 • ■ -15 . : . • -10 "' ' V; -5. 
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Val Thr Asn Ser bia Pro Thr Ser Ser: Ser. Thr. Lys Lys Thr Gin Leu 

■ '[-I-: .1:. ; ■■"'5' .10 '. 

Gin Leu Glu His Leu Leu Leu Asp. Leu; Gin Met lie Leu Asn Gly : lie. 

.15 / • . 20: - 25 • 



Asn Asn Tyr Lys Asn Pro Lys Leu Thr Arg Met • Leu^Thr. Ph.e-Lys.. Phe : 
30 ■ 35 . ' 40 

Tyr Met Pro Lys Lys Ala Thr Glu Leu Lys His Leu Gin Cys Leu Glu 

^5 . 50 - 55 60 

Glu -Glu. Leu Lys . Pro ;:Leu;. ; .Glu Glu Val ■ Leu Asn Leu Ala Gin: Ser ' = Lys 

: . ; .'■ ; \ . ' \.esr : Vf- ■ : . ' , ':;;;to 7-- : '^ 75 : 

'Asn .Phe : His Leu Arg Pro - Arg Asp Leu- Ile. : Ser^ Asn lie Asn. Val lie 

. 80 /85 . . ' 90': 

Val Leu Glu Leu Lys Gly Ser Glu Thr Thr Phe Met . Cys Glu Tyr Ala 
95 100. 105 

Asp. Glu Thr Ala Thr He Val Glu Phe Leu Asn Arg Trp lie Thr Phe 
HO 115 120 

Cys Gin Ser lie , lie Ser Thr Leu. Thr, 
125 I 1:30 i 



<210> 15 
<211> 26 
<212> DNA 

<213> Artificial. Sequence 

<220> . "V". ' . 

<223> Description of Artificial Sequence : PCR oligo 

<400> 3-5- 

aactgcagat ggctaggctc tgtgct : 26. 

<210> 16 
<211> 26 

<212> DNA ; 
<213> Artificial Sequence; 

<220> ■; ■ : - ' 

,<22.3>. Description of Artificial^:Sequence: : PGR oligo 

:<400> 16 ' . " - ' : ' . \ ')\ '[ [ ' ^ ." 

gaagatcttc att.t-ctcttG t • ; 26 
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"32- 

" <210> 17 

,, , <211> : ; 26 : : : .;. ' \ \ ' j:/. - ' . ': ! '. ^ : 

.: <212> ; DNA : 

<213> Artificial Sequence 

v <2'20>;. ; V : :';Y'>' • . • 

<223> Description of Artificial Sequence :PCR oligo 

<4 00> 17 

aactgcagat ggcctcgccc tttgct 26 

<210> .1,8 ;. ' . .:- : -;"- : -' :V: " 
■ : , <211> 28 
■: ' <212> DNA . . 

<213> Artificial Sequence 

<220> 

<22.3> Description of Artificial Sequence: PCR oligo • ' . • 
<400> 18 

.; cgggatcctt attccttcct ccttaatc [ . : 28 

<210> 19 " • 
<211> 25 
<212>' ; DNA ' .'■ 

<213> Artificial .Sequence 



<220> 

<223> Description of Artificial. Sequence: PCR oligo 
<400> 19'' 

gctctagatg gccctcctgt tccct . 25 ' :. 

" <210> 20 r 
: . <211> 2 6; ■ . 

<212> DNA .... 

<213> Artif iciai Sequence 

' <220> 

<223> Description of 'Artificial Sequence : PCR oligo 

' v . V •'. . <400> 20 . . 

. : gcggatcctc aagatgagcc ,caggtc . . ^6 

: . : : <2ip> 21 .;. • ■ ..-i" ■* ; '0 '; ■ " -.. . 

' / ; j; : <211> . 36. '/V',' ; • ■ ■ , -'/'J " : ^ • ';v; v ,/ V;.' , ; : : '. V ' . ' " . : 

v : ' . ' : <212> : : dna ; ;"" 7 : X \ .■.:)■} ] ' • ;; - ■ . 

<21;3> Artificial iS.equeh 
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;.-:<22d>.v-,.,., :•: ••: , ■ ■ ; . : •• - vy- '>"V\ '■ " ' ; ' ; v.- '•• ' 

<223> Desert of Artificial:; Sequence:' -PGR ;;oii£o : : : 

: ::,<4 ;; 0Q>.' "21.; ; > ; \- J . . . . . /; ' V, V/V . ,' - ! =' ' : : .' ' ' " ^ ' " " ■ .= '''-^ • ' ^ V: /-,, ; :::- : :'; ' \ 

acgcgtcgac: atgtgtcctc^::a '-v.- 35 :■ 

• <210> 22 ; " : ' :-) y ;-^'^ ; " :: • "V\. ' • - ":"">Y '"'/;.' '} y " 

' <211> : . 34 . " . y'-.. / •-; , i: : ..' ;V; ; /. : . : ■ ' - ' ' ;V ". v. • ; • ' •. .' , : ' . •■ •"- ■ . , 

•:^212>-.:DNA:; : ' ;y " - /:,= . _ .y ; ./ : : y, - ; y':; y " ; • ../■. 
: A <213> : ; Artificial 'Sequence"' 

•<2-20>;; ; ; : -. : , : '.' , ; \y# y:y y - : - y : y: : ; ' y, ,: y : ;>,,: ■ : V; 

;<223> Descriptiqri:lof\ Art if i;cial. Sequence : PGR oligoy/ 

: .<4p0> : 22 : ; ,' Jyy/: ;V;\ ; ^y yyy Y. . - ; ; •• " . - : - >'y •:>.•• : . : y : y • . . i y 
:,gcggatccct:agga^ .34 

; <210>:: 23 • Vy. "• , -, : . • •' - y yl ; • ■. ■ - ' $ > : - : ; ; :• 

\<2li>; 37.' : . V . .. .;• . .-, • ;; 

•<212> DNA •• . ..' V ' ' 

.:.<213>.;. Artificial ^Sequence'-: 

■ <2'20>vv": ; ' • ' " • • v !; ; ' " , ' '/ ' ■ '[ ' . , " ' : ' ' ' . ' • ' ' '■ ,"; : .. 
'.<223>' Description : bf •Artificial : Sequence : : PCR "oligo ; 

;.:<4 0G> 23, . ■ ' . : ;' :V " ; ■ : ,^ ■ : " : " " ■■ ■" ' " . '-y\ • • *'■■. ' ; ; " ■"" " .' 

'■ ; ca'tgccatggi; : gt caateacg ; ctacctc : ctc . tttttgg ^ ■ . -'s^ - 

<210> 24 . . ./ ' 

: : .<213>. : Artificial .Sequence., : : 

<22b> : • '• • • . \ ; ..; ' /^F:'..- .'. ■ ' '.y.;- ' : : ; , . • .' : 

<22 3> . :^ s < : : ri P ti ? ri , of ; Artiif;icial.i :Sec^ence::. . PGR oligo. ; x. : : 

<40.0^ ;24 •' • :'v :: - ; ' -p-' ;' ; : ; ' " : ;> v .- •. V" - ^ ; ■ ; • 

gcgcfatcctc . ag.gcggagct cagatagccc- - 30 ' 

<2io>. 25; • : 'V; • V;; ■ . • ,• . . : ' 

<21 : 1> /54 ; 69 V ; : . ' ::• " " : ' ;V/ ■ ; 

/<212>/;:DNA-: : ;'" '•• i^' • •'-^/■■^.y ' , : ' :V: .,:v^>:' . : - '■:''y':':.: '.--J;. :-.V;V • .: •:• ' - 

v <21;3>yMus- vmusculus ■ ■ 

<22i> cos , ; . ' . V . '. • V 

<22"2> (1923);;; (23;93) 

'<220>-: ; i':.;:;: ; - >. ^ : \/J-*x : -^;: / : - "'• . : A : ' '•"'^ V 

.<2'21>;:.;.sig_peptide ..; •; ,. i ; ."r V ' : .. -:V .• ••; • -'^ • • 
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<222> (1923) /. ( 1994) : 

<220> - • .V: : " ■ ;-■ : , ; • {. y : : :; ; > -"; ' ■ .- : v. -/.:■' : r :• ...= : . -' 

<221>, mat^peptide :v-: . 

' <222> |1?95) v (2393 ) : \ : ' ' ' \[y : y ' \ : ;. . V: '{ 

<ioo> 25 . '. :.. • ' , : ' '. : • ' . ' ' '. '•■ y. : \;\ .' V" ' : : : 

tcgcgcgttt :cggtgatgaG. : ;ggtgaaaacc gcagctcccg : gagacggtca 60. ■ " 

eagcttgtct gtaagcgga.t; gccg.ggagG.a gacaagcccg tcagggcgcgij.tcagcgggtg : 120 
. ttggcgggtg. t cggggc t g g. c 1 1 a a c t a t g ••• cggca t caga gcagattgt a ctgagagtgc.:! 80 ■■■ 
:accat:at;gcg: g t g t ga a a t a c.c g c a c a ga t gcgt a a gga g . aaaatacc 2 4 0 ; 

c ^ tt 99cca-.:ttgcata:cgt. : tgtatccata: ;tcataatatg tacattt^ , 
. tccaacatt a • .ccgccat.gt t gacattga tt .'attgactagt -tattM-tag^ 

ggggtcatta gttcatagcc :catatatgga gttccgcgtt acataactta. cggtaaatgg : 4 20 : 

cccgcctggc tgaGcgccca : acgacccccg; : cccat 430. ,V : V 

; catagtaacg ccaataggga ctttccattg.ra^ "540. \ • 

tgcccacit^ tatgccaa 1 ^ 

.tgacggtaaa : tggcGGgcct ^ggcatta.tgc cca : ' = 

ttggcagtac atctacgtat : tagtcatcgc tat.taecatg :gtgatgGggt : ttt " ^ 

ca.tcaatggg jGgtggatag.c 5 . ggtttgactG acggggattt ccaagtCtcc^^ ' ' 

cgtcaatg^ tGaacgggac: !tt 1 cca a a;a : . gt cgt a a ca a 8 4 0 . : 

ctccgcccca .ttga.Ggcaaa : :,.t^ t ggga gg t c t :Va t a taagca§ 90b.; 

agptcgttta gtgaaccgtc agatcgcctg gagacgccat iccacgctgit ■ -tt^cct^c^-^Oiy--'^" 
tagaagacac cgggaccgati ccagcctccg cggccgggaa .cggtgcattg; gaacgcggat 1020 "' 
tccccgtgcc aagagtgacg taagtaccgc : ctatagagtc : t^ . 

' ttcttatgca : t.gc t a t a c t g : tt t tt ggc 1 1: > : gggg t ct a t a • ;:ca cc cccgc1:: : . t cc t ca t gt t : . 1 1- 4 0 • 
a t a ggt ga t g gt at age 1 1 a: gept a t a g g t : . gtgggttatt . igaccattat t >. ga^ .1200 : ■."'■.} 

^^P^P^yp^^^i^ 0 : cattactaat ccafcaacatg: gctc^ :;i260 
ttattggcta tatgecaata - cactgtGctt; cagagactga :cacggactct : g^ 1320.. 

^aggatggggt^ctrca^ -atttacaaia-t ; i 
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. ■ . V . . " •' --35- ;:: 'v -.; . . :;.v \ . ' 

ccgcagtttt .tattaaacat-:: aacgtgggat c.tccacgcga: ^.a t ct cgggt a : cgt gt t cegg 14 4 0: 
■■ a ca t gggc t: c> t t'ct cc.gg.t a gcggcggagc ;ttetaGatcc cccatgcctc 15^ 

cagcgactca t ggt cgc t eg/ gca get c ct 1 gctcctaaca; . gtggaggcca gacttaggca'^i^ 
cagqacgatg. cccaccac.Ga .ccagtgtgGC gcacaaggcc gtggcggt ag : : ggt at gt gtc .1 620 
tgaaaatigag cteggiggage gggcttgeae cgctgacgca .tttggaagaG -.ttaaggcag 
ggcagaagaa gat;gcaggca /gctgag.ttgt tgtgttctga taagagtcag ag^taactcc 17 4 0 
cgttgcggtg. ctgt.taacgg tggagggcag ..tgtagtctga, gcagtactcg 
gcgGgc.cacc agacataata;-:;gctgacagac : taaca 

ctgeagteae cgtcctxaga:; t eta gee tea :a c c ctg a ct a "■ tctt ccaggt cattgttcca 1 920 ; 

ac : atg': gee ctg tg.g ate gaeJagg atg caa etc ctg vtct tgc -.att : gca : ' ; vi9'67 
. ; Met Ala Leu Trp lie Asp Arg Met Gin Leu Leu Ser. Cys lie Ala 

. -20 . ; -is . . -io . 

cta .agt ctt. gea .ctt gtc aca -aac agt .gca :cct;..act -tea; agt tct aca v 2015 - 
L eu -Ser Leu Ala. Leu .Val Thr:.: Asn Ser. Ala; :;Pro::Thr; : Ser. S6r .:Ser Thr : ' • 

: : ;•."/' .. . .,• . : •• ' : : . : . v • ,-i :: ^:^i ; - : ; : .--" 5 / ... .-'•••.: .-• 

aa ? aaa -- aca cag cta caa; ctg gag cat tta ctg ctg gat tta cag- atg' : 2063 
Lys Lys .Thr Glh Leu : (3 In Leu Glu His. Leu Leu Leu Asp Leu Gin Met 

10. ./V;/' ... . , 15 . . ■ . .. ' 20. , . 

att ttg aat , gga .att aat .aat tac a.ag -aat cee ; aaa .etc acc . a.gg. atg : 2111 
lie ; Leu Asn Gly lie .Asn Asn Tyr Lys Asn ..Pro - Lys Leu , Thr ^ Arg Met - 

25 •• :. :".', . \30 . - ■ '.; =:-. ■ v 35 ■ '■ ' 

etc aca -ttt :.aag ttt : tac atg ccc aag aag gc.c aca ; gaa:. ctg aaa :cat 2 15.9 
Leu : Thr : Phe Lys E>he Tyr Met Pro Lys Lys. Ala Thr Glu Leu 'Lys His " 

:/ 4 -P.V, ..';:45." • ',.5.0 :^ : 55 " . : ' 

ctt ; cag- .tgt cta gaa gaa gaa etc aaa cct ctg gag, gaa : -gtg: -eta \ aat 2207 
Leu Gin. .Cys Leu Glu Glu Glu Leu Lys Pro Leu Glu Glu'iVal >Leu Asn 

' . • . 60 ; = 65 '■ 70. > 

: tta 9 c t caa age . aaa aac ttt cac; tta aga ecc agg gac ttav.atc age 2255 - 
Leu Ala Gin Ser; Lys Ash: Phe : His Leu Arg Pro Arg. Asp . hiu : lie Ser 

. ;75-:V r ■/■■.y., . /; ^ .. 8.0 ■ ^ 8-5 : - ==■■■■: ■ . " : 

aat . aac gta ata gtt ctg gaa: : ;cta aag gga ,tct : gaa aca;. aca: tte 2303 
Asn lie : Asn : Val lie. Val ; Leu ; iGlu .Leu Lys^Gly '-Ser.: .Glu- Thr:- Thr : Phe :.. 

.. . 'W : ' .:9b;' ; . [/(■'■ ;..95 : ' . ' ■ ; v :: : ■'" \ipo-- [: --' : ■:'[■■]., • '. ■ [ ' 

;at;g- tgt gaa tai:,j'g ; et; : : gfat^gag- aca ..gca acc x : at t -..gta:- gaa : :ctg. ; ; aac 2351 : 



\VO 9^26663 i ; PCl^ 

. Met Cys Glu Tyr Ala ;Asp Glu Thr Ala Thr Jle.:yal ; Glu: Phe Leu>£sn 

■.-'■■i'.'-:. ^'.lbs'';;'' " ' : i^p ^ " . \;>v':^^fe^ : '.f 

• " V aga tgg ; att ; 'acc:. : ttt: t g t eaa ;agc ate. atctca.Jaca; eta act !; ' ■ 2393 

;;.;iig''Trp;;Ile Thr ;:Phe ..Gys ' Gln : Ser lie ile ; Ser Thr. Leu Thr; ; ^ ^ ; 

X. .7." ;120;.' : ; : :- :V;:y ; -" : ,\,. 125 y ' "'\ ■'■ 130 A 7 '.7' : : V ,";-7- \X-:'. V;7v. :. ..7 • ,. 7'77 

- . tgataattaa gtgcttccca cttaaaacat atcagggatc^ t-cga : ctcta : g: : : aggatcateg; 24 53 
. cggccgctct agaccaggcg ✓ cct ggat cea ga t c t gc tgt : gect tct ag t : ; t gc cagecat .251:3 , : '.. 
'. ctgttgtitg .rcccctccc t g a c cc t gga : aggi geca c t y ccca c t g t cc . 2 573V . 

777v. • . • .:tt : tcctaata .aaat^ taggt.gtca t . 263 3 

.' '.g.gggtggggt gggg^ agacaatagc '^ggcatgctg 2693 
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